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1.0  INTRODUCTION 


The  growth  and  economic  advancements  made  by  the  nations  of  the 
earth  have  closely  paralleled  the  advances  made  In  transportation  and  cocmu- 
nlcatlons  systems  available  to  and  used  by  these  nations.  An  advance  can  be 
made  in  the  transportation  system  by  improving  the  flexibility  of  the  system 
as  well  as  the  speed  of  the  system.  Just  as  the  automotive  vehicles  added  a 
large  degree  of  flexibility  to  the  rail  system,  V/STOL  aircraft  offers  a 
comparable  degree  of  flexibility  to  the  air  transportation  systems  of  the 
post-1970  time  period.  By  contrast,  the  ship  offers  a  maximum  of  flexi¬ 
bility  to  water  transportation  systems;  but  it  suffers  from  a  slow  speed 
potential.  Some  speed  advances  are  being  made  for  the  speed  potential  of 
ships  through  the  use  of  hydrofoils,  but  the  potentials  offered  by  these 
vehicles  appear  to  be  less  than  100  miles  per  hour. 

The  us<;  of  seaplanes  was  examined  extensively  through  the  mid- 
1950*  s  as  one  potential  method  of  providing  a  combination  flexibility  and 
speed  for  water  transportation  systems.  The  seaplanes  did  offer  the  speed, 
but  the  seaplane  was  found  to  be  relatively  inflexible  with  regard  to  its 
ability  to  operate  from  water  surfaces.  The  seaplane  demanded  relatively 
calm  water  surfaces  for  takeoff  and  landing,  and  such  surfaces  were  not 
readily  found  in  open  ocean  areas.  Only  under  emergency  conditions  were 
landing  attemps  made  with  operational  seaplanes  under  sea  conditions  more 
severe  than  a  sea  state  two. 

Recent  interest  in  the  ocean  and  potential  advantages  it  offers 
to  man  if  he  becomes  its  master  has  caused  a  renewed  interest  in  advaaces 
that  might  be  made  for  water  transportation  system.  Just  as  the  V/STOL 
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airplane  has  given  a  large  degree  of  improvement  in  the  flexibility  for  the 
land-baaed  airplane,  it  may  veil  be  capable  of  providing  a  comparable  degree 
of  increased  flexibility  to  a  water  transportation  system  that  uses  airplanes 
as  the  prime  carrier.  v/STOL  aircraft,  with  slow  takeoff  and  landing  speeds, 
may  veil  be  able  to  permit  the  operation  of  air  vehicles  from  open  ocean 
surfaces  in  all  but  the  most  severe  weather  conditions. 

The  uses  of  water-based  aircraft  which  could  operate  from  open 
ocean  surfaces  under  most  weather  conditions  are  many  fold.  Such  vehicles 
would  satisfy  the  need  for  many  military  operations  as  well  as  the  needs  of 
the  civilian  community.  Some  of  the  military  needs  that  could  be  satisfied 
by  such  a  vehicle  include  the  rescue  of  crews  of  military  aircraft  that  have 
gone  down  at  sea,  the  conduct  of  anti-submarine  warfare  operations,  and  the 
retrieval  of  space  exploration  capsules  and/or  personnel.  The  definition  of 
civilian  applications  are  not  as  readily  specified  because  the  lack  of  a 
present  capability  has  prevented  the  establishment  of  requirements.  It  is 
expected  that  recent  Interest  in  oceanographic  basic  research  programs  will 
shortly  cause  requirements  to  evolve  that  can  be  met  by  aircraft  capable  of 
operating  Tr>  .  open  ocean  surfaces.  In  addition,  VTOL  aircraft  (helicopters) 
are  being  used  to  transport  personnel  and  equipment  to  and  from  offshore 
oil  rigs  in  coastal  areas,  and  the  projected  lover  operating  costs  of  V/STOL 
aircraft  could  make  such  operations  more  profitable. 

The  previous  conjectures  assume  that  providing  a  V/STOL  capa¬ 
bility  to  an  airplane  will  permit  it  to  operate  from  open  ocean  surface* 
under  rather  severe  aea  state  conditions.  Although  such  an  assumption  is 
known  to  be  under  investigation,  it  ha*  not  as  yet  been  proven  valid. 
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The  ability  of  V/STOL  aircraft  to  operate  from  land  surfaces 
has  been  proven  by  such  test-bed  and  prototype  aircraft  as  the  LTV  XC-142A, 
the  Bell  X-22A,  the  Ryan  XV- 5A,  the  Canadair  CL-84  and  the  Hawker-Siddley 
XV -6a.  Some  very  limited  tests  have  been  made  with  some  of  the  aircraft 
hovering  over  water  surfaces,  but  there  have  been  no  tests  which  would  con¬ 
firm  or  reject  the  possibility  that  vehicles  of  this  type  could  operate  from 
open  ocean  surfaces. 

In  order  to  provide  a  data  base  suitable  for  assessing  the 
feasibility  of  V/STOL  aircraft  for  operating  from  open  ocean  surfaces,  a 
limited  amount  of  testing  of  scale  models  has  been  performed  (References  1-1, 
1-2  and  1-3)*  Reference  1-1  reports  on  limited  measurements  that  ware  made 
of  the  spray  characteristics  around  a  V/STOL  aircraft  during  hover  over  a 
calm  and  a  rough  water  surface.  Reference  1-2  reports  on  additional  quali¬ 
tative  and  limited  quantitative  measurements  that  were  made  on  a  model 
simulating  a  V/STOL  aircraft  hovering  over  a  calm  water  surface.  Under  the 
direction  of  Reference  1-3 »  additional  quantitative  measurements  were  made 
using  the  same  model  that  was  used  for  the  tests  reported  in  Reference  1-2. 
For  the  tests  performed  in  response  to  Reference  1-3,  measurements  were  made 
of  the  spray  characteristics  and  the  forces  and  moments  felt  by  the  model 
during  hover.  Again,  a  calm  water  surface  was  used. 

As  a  result  of  the  previous  test  programs,  it  was  considered 
desirable  to  examine  the  spray  characteristics  and  the  forces  and  moments 
acting  on  the  model  which  simulates  the  airplane  hovering  over  a  water  sur¬ 
face  with  water  and  surface  wind  conditions  varying  from  calm  up  to  those 
representative  of  at  least  a  sea  state  four  condition.  Such  tests  have  been 
conducted  in  response  to  Reference  1-4  and  the  results  of  these  tests  are 
reported  herein. 
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More  specifically)  the  tests  reported  in  this  report  include 
the  measurement  of  the  water  spray  passing  through  potential  engine  inlet 
areas  behind  the  propeller  at  various  blade  radius  stations  away  from  the 
propeller  rotational  axis,  qualitative  evaluations  of  water  spray  patterns, 
and  measurement  of  the  forces  and  moments  acting  on  the  model  all  during 
simulated  hover  over  a  calm  water  surface  with  no  surface  winds,  a  calm 
water  surface  with  simulated  UO-knot  surface  winds,  a  rough  water  surface 
(waves  with  simulated  heights  of  4.5  and  9  feet)  with  no  surface  winds,  and 
a  rough  water  surface  with  the  simulated  40-knot  surface  wind. 
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£.0  TEST  FACILITIES 


2.1  AERO -HYDRO  TEST  FACILITY 

An  Aero-Hydro  Test  Facility  was  constructed  at  the  LTV  Hover  Site 
located  adjacent  to  the  LTV  Low  Speed  Wind  Tunnel.  The  facility  corsists  of 
an  open  tank,  a  wave  generator,  and  a  wind  generator.  The  existing  model 
support,  hydraulic  power  system  for  the  model,  and  model  instrumentation  sys¬ 
tem  were  incorporated  into  the  facility  with  minor  modifications  but  without 
being  relocated.  Photographs  of  the  facility  are  presented  in  Figures  2-1 
and  2-2. 

2.1.1  Tank 

The  tank  is  a  welded  structure,  20  feet  wide,  75  feet  long,  and 
8  feet  high,  constructed  of  l/U-inch  steel  plate  with  external  framing.  A 
framework  filled  with  rock  and  rubberized  horsehair  and  covered  with  wire  mesh 
is  located  at  the  downstream  end  of  the  tank  to  provide  dancing  and  to  prevent 
the  formation  of  reflected  waves.  A  sketch  of  the  tank  and  wave  generator  is 
shown  in  Figure  2-3. 

2.1.2  Wave  Generator 

The  wave  generator  is  of  the  paddle  type  (i.e.,  a  panel  hinged  at 
the  bottom  of  the  tank)  and  located  at  the  upstream  end  of  the  tank.  It  is 
constructed  of  aluminum  and  extends  the  width  of  the  tank.  Rubber  strips 
along  the  sides  and  across  the  bottom  seal  the  edges  of  the  paddle  against  the 
sides  and  bottom  of  the  tank.  A  6o-gpm  sump  type  water  pump  is  used  to  pump 
any  water  leaking  past  the  seals  back  into  the  main  part  of  the  tank  forward 
of  the  paddle.  An  air  spring  consisting  of  an  air  cylinder  and  accumulator  is 
used  to  counterbalance  the  paddle  against  the  static  force  of  the  water 
against  the  paddle. 
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An  electro-hydraulic  servo-controlled  system,  programmed  to  gen¬ 
erate  a  sinusoidal  motion,  is  used  to  drive  the  paddle.  With  the  system,  it 
is  possible  to  obtain  any  combination  of  amplitude  and  frequency  up  to  12  de¬ 
grees  of  paddle  motion  at  angular  acceleration  rates  of  0.9  radians  per  second 
per  second  or  less.  Figure  2-4  is  a  plot  of  wave  height  and  length  versus 
paddle  amplitude  and  frequency  as  calibrated  with  7.5  feet  of  water  in  the 
tank. 

For  the  subject  test  program,  6-inch  and  12-inch  wave  heights 
were  used.  For  reference  to  full-scale  tests  of  the  XC-1U2A  airplane, 
these  wave  heights  would  represent  wave  heights  of  4.5  and  9.0  feet, 
respectively. 

2.1.3  Wind  Generator 

The  wind  generator  consists  of  two  Size  9,  Class  1  3uffalo-Forge 
squirrel-cage  blowers,  each  driven  at  587  rpm  by  50-horsepower  electric 
motors.  The  blowers  are  ducted  into  a  common  plenum/ diffuser  having  an  exit 
opening  11  feet  high  by  14  feet  wide.  The  blower  exhausts  its  air  due 
north.  The  entire  assembly  is  mounted  over  the  water  tank  on  a  frame 
which  can  be  moved  along  the  tank  to  position  the  exit  face  of  the 
diffuser  between  10  and  20  feet  from  the  model  support.  Wind  velocities 
ranging  from  10  to  15  knots  are  obtained  over  an  area  10  feet  high  by 
10  feet  wide  at  20  feet  from  the  diffuser  exit.  Photographs  of  the  assem¬ 
bly  are  presented  in  Figures  2-5  through  2-8.  A  plot  of  air  velocities  ob¬ 
tained  during  calibration  of  the  blowers  is  shown  in  Figure  2-9. 

2.2  NDDEL  AND  MDDEL  SUPPORT  SYSTEM 

The  test  vehicle  used  for  this  program  was  an  0.11 -sc ale  hydraulic 
powered  low  speed  wind  tunnel  model  of  the  XC-142A  V/STOL  aircraft.  The 
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model  has  a  wing  span  of  approximately  7-1/2  feet  and  a  body  length  of  5-1/2 
feet. 

The  external  fuselage  skins  were  constructed  from  fiberglass  and 
attached  to  a  steel  fuselage  beam  which  housed  a  steel  balance  adapter  to 

accept  an  internal  six-component  strain  gage  balance.  The  aft  end  of  the 
strain  gage  balance  was  attached  to  a  steel  support  which  extended  throughout 

the  upper-aft  fuselage  skin.  The  steel  support  was  constructed  such  that 
various  pitch,  yaw,  and  rpll  angles  could  be  obtained.  The  support  was  sus¬ 
pended  from  a  manually  operated  hoist  to  obtain  various  heights  above  the 
water  tank. 

The  control  surfaces  of  this  model  consist  of  a  vertical  tall  con¬ 
structed  from  steel  and  fiberglass,  a  horizontal  tail  fabricated  from  aluminum, 
and  a  steel  wing.  The  trailing  edge  of  the  wing  was  provided  with  double- 
slotted  flaps  and  ailerons.  Four  fiberglass  nacelles  were  located  on  the 
leading  edge  of  the  wing  which  housed  four  28-horsepower  hydraulic  motors.  A 
scaled  fiberglass  propeller  was  attached  to  each  of  the  four  motor  shafts 
capable  of  being  rotated  at  velocities  up  to  11,000  RPM.  The  wing  was  at¬ 
tached  to  the  fuselage  beam  such  that  wing  incidence  angles  between  0  and  100 
degrees  could  be  obtained. 

Additional  accessories  were  fabricated  for  the  model  to  measure 
moisture  during  the  water  hover  test.  Two  solenoid-operated  moisture  meters 
of  steel  and  aluminum  construction  were  mounted  on  the  underside  of  each  wing 
behind  the  props  during  hover  operations.  An  isokinetic  probe,  with  cover 
attached  to  moisture  meter  cover,  was  fabricated  from  bent  steel  tubing  con¬ 
taining  a  moisture  filter  housing  of  steel  with  an  aluminum  tube  leading  to  a 
vacuum  pump.  A  hand-operated  drop  snatcher  was  made  from  aluminum,  steel, 
wood,  and  a  glass  slide  for  catching  moisture  sanqples.  This  unit  is  composed 
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of  a  shoulder  stock  and  handgrip  and  is  about  7  feet  long.  The  moisture 
meters  can  be  seen  in  Figure  4-1,  the  isokinetic  probe  in  Figure  4-2 ,  and  the 
droplet  snatcher  in  Figure  4-4. 

2.3  TEST  INSTRUMENTATION 

2.3*1  Model  Instrumentation 

2. 3.1*1  Internal  Balance 

The  0.11-scale  XC-142  model  loads  were  measured  by  the  LTV  VTB-2 
internal  strain  gage  balance. 

The  VTB-2  is  a  six-component  strain  gage  balance  configured  with 
a  circular  hollow  along  its  longitudinal  centerline.  This  hollow  serves  as  a 
passage  for  supply  and  return  hydraulic  lines  which  power  the  four  propellers. 
Corrections  to  the  data  were  made  for  fluid  tare  effects,  thermal  expansion, 
and  material  modulus  changes  with  temperature. 

The  model  attitude  (and  configuration)  remained  fixed  during  a 
given  run*,  therefore,  no  correction  was  necessary  for  model  weight  versus 
model  attitude. 

A  complete  bench  balance  calibration  was  performed  prior  to  this 
test.  The  calibration  was  accomplished  with  deadweight  loadings  using  Bureau 
of  Standards  class  3  certified  weights.  Balance  output  versus  load  was  re¬ 
corded  to  an  accuracy  of  one  microvolt.  The  overall  balance  accuracy  (includ¬ 
ing  nonlinearity,  hysteresis,  and  scatter)  was  approximately  0.20%  of  full 
r  ale. 

2. 3.1.2  Propeller  Thrust  Measurement 

Each  of  the  four  propellers  was  powered  by  a  Vickers  hydraulic 
motor  capable  of  approximately  28  shaft  horsepower  per  motor.  The  motor  rpm 
could  be  varied  from  0-11,000  and  controlled  within  +2  rpm  under  ideal  con¬ 
ditions  and  +6  rpm  under  test  conditions.  A  five-component  strain  gage 
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thrust  cowl  was  used  to  measure  propeller  thrust.  The  full-scale  design 
thrust  of  each  unit  was  50  pounds. 

The  thrust  units  were  deadweight  calibrated  with  Bureau  of  Stan¬ 
dards  class  3  weights.  The  deadweight  calibration  outputs  were  recorded  to 
an  accuracy  of  one  microvolt.  The  overall  thrust  accuracies  (including  non¬ 
linearity,  hysteresis,  and  scatter)  were  approximately  0.1%  full  scale. 

2. 3.1. 3  Moisture  Samples 

Moisture  samples  were  obtained  with  two  remotely  controlled, 
solenoid-operated  meters  mounted  on  each  wing  between  the  inboard  and  outboard 
propellers  and  at  engine  inlet  elevation.  Each  moisture  meter  contained  four 
traps.  A  protective  cover  was  ragged  and  electrically  driven  to  close  the 
traps.  The  traps  remained  uncovered  for  a  specific  period  of  time  after  test 
conditions  were  stabilized.  The  water  collected  in  each  trap  was  weighed  with 
a  microbalance  to  an  accuracy  of  +1.0  milligram. 

2. 3. 1.4  Data  Recording  System 

The  digital  recording  system  was  common  for  strain  gage  balance 
and  component  outputs,  thrust  outputs,  and  hydraulic  supply  pressure  and  re¬ 
turn  temperature.  The  digitizer  control  unit  was  connected  to  an  electronic 
scanner,  which  in  turn  transmitted  the  raw  data  to  an  IBM  card  punch  and  type¬ 
writer.  This  system  records  data  to  an  accuracy  of  approximately  .1%  of  full 
scale.  The  propeller  rpm  was  recorded  by  the  use  of  magnetic  pickups,  and  this 
pulse  signal  was  displayed  on  an  ERJT  meter  (frequency  counter).  A  servo  con¬ 
trol  was  used  to  maintain  plus  or  minus  6  rpm.  The  set  point  rpm  was  intro¬ 
duced  as  fixed  data  to  the  card  punch  and  typewriter. 

2.3.2  Test  Facility  Instrumentation 

2. 3*2.1  Photographic  Data 

Wave  property  instrumentation  consisted  primarily  of  photographic 


data. 
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Visual  depth  gages  were  used  to  measure  wave  height,  period,  and 
model  downwash- induced  local  disturbances  which  defined  the  water  contour 
beneath  the  model.  Undisturbed  wave  shape  and  properties  were  monitored  up¬ 
stream  of  the  model.  Electrical  output  depth  gages  were  slIso  used  during  the 
test. 

Movie  cameras  were  placed  around  the  model  to  record  the  visual 
depth  sen*  data  and  spray  patterns.  One  camera  was  mounted  above  the  model  to 
record  .h*  general  spray  patterns.  Two  additional  cameras  were  positioned  at 
an  elevation  which  caused  the  camera  to  use  a  downward  angle  of  approximately 
15°  with  respect  to  the  water  surface  and  located  approximately  80°  and  30* 
to  the  left  of  the  model  heading. 

During  selected  runs,  two  high  speed  movie  cameras  were  used  to  re¬ 
cord  droplet  trajectories,  while  a  high  speed  still  camera  was  used  to  photo¬ 
graph  droplets  in  the  spray  area  passing  through  the  propellers. 

For  runs  where  the  model  was  at  a  rolled  attitude,  tv'o  additional 
cameras  were  positioned  approximately  30°  and  90°  to  the  right  of  the  model 
heading. 

2. 3. 2. 2  Electrical  Depth  Gages 

The  electrical  depth  gages  acted  as  potentiometers  indexing  water 
level  as  a  function  of  resistance  change.  These  gages  had  instantaneous  re¬ 
sponse  and  a  resolution  of  wave  height  to  within  0.1  inch.  The  output  of 
these  gages  was  recorded  with  a  light  beam  oscillograph. 

2. 3*2.3  Wind  Generator 

The  wind  generator  was  calibrated  with  an  anemometer,  which  was 
positioned  20  feet  from  the  wind  generator  at  the  model  location.  The  average 
velocity  at  this  location  was  13  knots  over  an  area  8  feet  wide  by  7  feet  high. 
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2. 3.2.4  Ambient  Data 

An  anemometer,  thermometer,  and  barometer  were  located  at  the 
hover  facility  to  measure  ambient  conditions.  These  data  are  presented  in  the 
Run  Index,  Table  2-1. 

2.3.3  Data  Recording 

The  recorded  data  during  this  test  was  obtained  in  the  following 

manner: 

a.  A  wind-off- zero  was  recorded  with  the  digital  data  system. 

b.  Hydraulic  pressure  was  set  at  the  desired  level. 

c.  The  wind  generator  was  started. 

d.  Waves  were  set  to  the  desired  pattern. 

e.  Propeller  rpm  was  adjusted  until  the  desired  thrust  level  was 
obtained. 

f.  When  all  of  the  above  conditions  were  obtained  and  stabilised, 
the  following  data  were  recorded: 

1.  Digital  data 

2.  Moisture  samples 

3.  Photographic  data 

4.  Wave  pattern  data 

5.  Ambient  conditions 

g.  The  point  was  terminated,  and  a  final  wind-off-zero  was  re¬ 
corded  with  the  digital  data  system. 

2.3.4  Data  Reduction 

2. 3. 4.1  Six-Component  Force  and  Moment  Data 

Data  from  the  VTB-2  six-component  internal  balance  were  displayed 
on  the  digital  data  system  and  recorded  with  an  IBM  typewriter  and  card-punch 
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machine.  Using  the  appropriate  constarts,  the  data  were  reduced  to  balance 
axes  data  in  units  of  pounds  and  inch-pounds,  converted  to  coefficient  data 
and  transferred  to  the  model  center  of  gravity. 

2. 3. 4. 2  Thrust  Data 


The  thrust  data  were  displayed  on  the  digital  data  system  and  re¬ 
corded  with  an  IBM  typewriter  and  card-punch  machine.  Using  the  appropriate 
constant,  the  data  were  reduced  to  pounds  of  thrust. 

2.3>^.3  Data  Reduction  Factor 

S  *  931.0896  sq  in.  (model  wing  area) 
c  ■  IO.65U8  in.  (mean  geometric  chord) 
b  ■  89.IO  in.  (model  wing  span) 

Ap  ■  2.283  sq  in.  (propeller  disc  area) 

C.G.  Location:  F.S.  29.13 2 

W.L.  13.200  20*  M3C 

B.L.  0.000 


Date  Reduction  Axes:  Wind  Axes 
2.3*^*^  Data  Corrections 

All  force  and  moment  coefficients  were  corrected  for  balance 
interaction,  pressure  effects  of  the  hydraulic  lines,  and  for  temperature 
effects.  Thrust  data  were  corrected  for  pressure  and  temperature  effects. 


2. 3*^.5  Tabulated  Data 


All  tabulated  balance  and  thrust  data  are  presented  in  Table  2-2. 
The  nomenclature  and  symbols  used  in  the  Run  Index  and  Tabulated  Data  are  as 
follows: 
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Symbol 


Definition 


AF 

ALPHA 

AVET 

CD 

CL 

CM 

CRM 

OT1J. 

CTST 

°Y 

'  -  CYM 

/ 

DP 

h/dp 

IW 

Jl-4 

NF 

PM 

PSI 

Pt 

03 

t 


Axial  force,  lb 
Model  angle  of  attacA,  deg 
Average  thruft,  lb 
Drag  coefficient 

Lift  coefficient 

Pitching  moment  coefficient 

Rolling  moment  coefficient 

Thrust  coefficient  (subscript  denotes  position) 

Average  thrust  coefficient 
Side  force  coefficient 

Yawing  moment  coefficient 
Propeller  diameter,  inches 

Ratio  of  model  height  to  propeller  diameter.  H  is  the 
average  distance  between  the  water  surface  and  the  two 
outboard  propeller  planes  at  shaft  centerline 
Wing  Incidence  angle,  deg 

Propeller  advance  ratio  (subscript  denotes  position) 

Normal  force,  lb 
Pitching  moment,  inrib 
Model  angle  of  yaw,  deg 
Data  point  number 
Slipstream  dynamic  pressure 
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Aerodynamic 

Symbol 

RM 

R^-u 

sr 

Tl-U 

t/a 

YM 


Definition 


i  'lling  moment,  inrlb 

Propeller  speed,  revolutions  per  minute  (subscript  de 
notes  position) 

Side  force,  lb 

Thrust,  lb  (subscript  denotes  position) 

Ratio  of  thrust  to  propeller  disc  area 
Yawing  moment,  inrlb 
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Figure  2-5  LTV  Aero-Hydro  Test  Facility  Wind  Generator 
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Figure  2-6  LTV  Aero-Hydro  Test  Facility  Wind  Generator  Plenum 
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3.0  FORCE  AND  MOMENT  MIA  RESULTS 


The  model  forces  and  moments  were  measured  by  an  internal  six- 
component  balance,  and  the  thrust  of  each  propeller  was  measured  by  a  separate 
thrust  cowl.  The  complete  tabulated  data  are  presented  in  Section  2.3. 

The  objectives  of  this  phase  of  the  test  program  were  to: 

a.  Obtain  model  force  and  moment  data  while  hovering  at  different 
heights  over  a  water  surface  with  and  without  waves  and  a 
steady  surface  wind. 

b.  Determine  the  effects  of  height,  water  surface,  and  surface 
wind  on  a  rolled  model. 

Model  force  and  moment  data  presented  in  this  report  have  been 
nondimensionalized  by  the  wing  area  and  the  slipstream  dynamic  pressure. 

The  slipstream  dynamic  pressure  is  defined  as  the  freestream  dynamic  pres¬ 
sure  plus  the  average  of  the  four  propeller  disc  loadings.  These  data  are 
presented  as  a  function  of  noiel  height  to  propeller  diameter  ratio  for 
various  propeller  disc  loadJ  ngs  and  model  roll  angles  with  and  without  waves 
and  surface  winds.  The  model  height  was  measured  from  the  water  surface  to 
the  propeller  plane  of  the  outboard  propellers;  for  the  rolled  model,  the 
model  height  is  the  average  height  to  the  outboard  propellers  measured  at 
the  propeller  shafts. 

The  propeller  disc  loadings  used  in  this  test  were  approximately 
6.5,  10.8,  and  15.2  pounds  pir  square  foot.  The  basis  for  these  loadings  is 
discussed  in  Section  4.0. 

The  propeller  t  Trust  was  measured  with  a  five -component  thrust 
cowl  behind  each  propeller,  but  only  the  thrust  component  was  recorded.  These 
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thrust  cowls  have  an  accuracy  of  approximately  ±0. 25-pound  thrust  when  the 
temperature  tares  are  neglected,  as  was  done  in  this  test  due  to  the  wide 
range  of  ambient  conditions.  Thrust  can  be  measured  within  ±0.1  pound 
under  controlled  conditions.  Propeller  rpm  was  measured  to  ±2;  but  under 
slightly  gusty  ambient  wind  conditions,  the  servo  control  system  could  only 
hold  the  rpn  within  ±6.  These  thrust  and  rpm  variations  represent  good  con¬ 
trol  of  the  model  propeller,  considering  the  wide  range  of  uncontrolled  ambient 
conditions;  and  only  a  small  amount  of  scatter  was  seen  in  the  thrust  readings 
during  the  test.  Model  propeller  controllability  problems  are  not  applicable 
to  the  full-scale  airplane. 

3.1  NORMAL  FORCE  QA'CA 

Figures  3-1,  3-2,  and  3-3  show  the  change  in  the  model  normal 
force  or  lift  coefficient  with  model  height  ratio  as  a  function  of  propeller 
disc  loading.  These  data  were  first  examined  to  determine  the  effects  of 
various  wave  heights.  Within  the  scatter  of  the  data,  the  normal  force 
coefficient  was  independent  of  wave  height  and  surface  wind.  The  data  for 
0- ,  6-,  and  12-inch  waves  were  averaged  together  and  are  presented  in  Figures 
3-1  through  3-h.  The  data  of  Figures  3-1  and  3-2  indicate  that  there  is  a  small 
Increase  of  the  normal  force  coefficient  as  the  disc  loading  increases  and  the 
normal  force  coefficient  decreases  with  increasing  model  height  above  the  water. 

The  variation  of  normal  force  coefficient  with  model  height  ratio 
for  the  model  rolled  10  degrees  is  presented  in  Figure  3-3.  At  the  model 
height  ratios  of  2.5  and  3*7,  there  is  no  significant  change  from  the  pre¬ 
vious  data  of  Figures  3-1  and  3-2.  A  model  height  ratio  (2.5)  was  tested 
with  the  model  rolled  5  degrees;  and  the  results  showed  no  significant 
differences  from  the  data  of  Figure  3-3  and,  therefore,  have  not  been  pre¬ 
sented. 
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DRAG  DATA 


The  change  in  drag  coefficient  vith  model  height  ratio  is  pre¬ 
sented  in  Figures  3-l»  3-2,  and  3-3.  Figure  3-1  shows  that.,  with  no  surface 
wind,  there  is  a  small  effect  on  drag  vith  the  drag  coefficient  decreasing 
with  increasing  height  ratios.  No  distinct  effects  of  disk  loading  are 
apparent,  possibly  due  to  the  scatter  of  the  data.  With  the  blower  on, 
creating  a  steady  surface  wind,  the  data  show  a  large  increase  in  drag 
coefficient  with  increasing  height  ratio  (Figure  3-2).  These  data  alsr 
show  that  drag  coefficient  decreases  with  increasing  disc  loading.  Part  of 
the  drag  with  surface  winds  shown  in  Figure  3-2  is  the  result  of  the  pro¬ 
peller  normal  force.  As  the  disc  loading  is  increased,  the  surface  wind 
becomes  a  smaller  component  relative  to  the  velocity  normal  to  the  propeller 
disc, and  the  propeller  normal  force  decreases.  With  the  model  rolled  10 
degrees,  the  drag  coefficient  data  of  Figure  3-3  shows  no  significant  changes 
from  the  data  of  Figures  3-1  end  3 -'c.  No  differences  were  seen  at  the  model 
height  ratio  (2.5)  with  the  model  rolled  5  degrees,  and  the  data  are  not 
presented. 

3.3  PITCHING  MOMENT  DATA 

The  pitching  moment  coefficient  data  variations  vith  model  height 
ratio  are  presented  in  Figures  3-1,  3-2,  and  3-3.  The  data  of  Figure  3-1 
show  that  with  no  surface  winds  there  is  a  small  positive  pitching  moment 
acting  about  the  center  of  gravity  at  the  20  percent  MDC  position  that 
appears  to  be  independent  of  model  height  ratio  and  disc  loading  within  the 
scatter  of  the  data  available.  With  a  surface  wind,  there  Is  a  large  increase 
in  positive  pitching  moment  shown  in  Figures  3-2  and  3-3  that  increases  with 
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increasing  model  height  ratio  and  decreases  with  increasing  disc  loading. 

This  pitching  moment  is  primarily  the  propeller  hub  pitching  moment  resulting 
from  the  surface  wind.  As  was  the  case  with  the  drag  coefficient,  as  the 
disc  loading  is  increased,  the  surface  wind  is  a  smaller  component  relative  to 
the  velocity  normal  to  the  propeller  disc;  therefore,  the  propeller  hub 
pitching  moment  is  decreased  with  increasing  disc  loading. 

3.4  IATERAL- DIRECTIONAL  DATA 

Figure  3-4  prerents  the  yawing  moment,  rolling  moment,  and  side 

force  coefficients  with  the  surface  wind  on  and  off  at  average  model  height 
ratios  of  2.5  and  3*7  for  three  disc  loadings  with  XC-142A  model  rolled  10 
degrees.  The  surface  waves  of  6  and  12  inches  had  no  apparent  effect  on  the 
data,  and  these  points  have  been  averaged  together  with  the  smooth  surface 
data.  Within  the  scatter  of  the  data,  no  consistent  variations  with  surface 
winds,  disc  loading,  or  model  height  ratio  are  apparent.  The  mean  value  for 
the  yawing  moment  and  side  force  coefficients  appears  to  be  zero,  while  the 
rolling  moment  coefficient  (C^,.)  has  a  mean  value  of  -.0075  for  the  left 
wing  down  10  degrees. 

3.5  VERTICAL  FLOATS 

The  XC-142A  model  was  tested  with  vertical  floats  replacing  the 
landing  gear  wheel  pods  as  shown  in  Figure  4-5  at  model  height  ratios  of 

2.5  and  3.7  with  and  without  6-inch  waves  and  surface  winds.  Within  the 
scatter  of  the  data,  no  significant  differences  from  landing  gear  pods  on 
data  were  seen;  therefore,  the  float  data  are  omitted  from  this  report. 
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DYNAMIC  CHARACTERISTICS 


The  dynamic  characteristics  of  the  No.  I  propeller  thrust  and  the 
two  normal  force  elements  of  the  model  internal  balance  (R^  and  R^)  were 
recorded  on  a  6- inch  light  beam  oscillograph.  These  signals  were  picked  off 
before  they  were  filtered  by  the  lcrw  speed  wind  tunnel  data  system. 

Only  the  natural  frequencies  of  the  thrust  cowl  and  the  model 
were  observed  from  these  dat?..  The  frequency  of  the  thrust  element  signal 
of  the  thrust  cowl  was  observed  to  be  from  220  to  280  cycles  per  second  for 
all  rpm's,  model  heights,  and  water  conditions  and  is  the  approximate  natural 
frequency  of  the  thrust  cowl  (250  cycles  per  second).  Superimposed  on  this 
thrust  frequency  of  250  cycles  per  second  was  rr.  approximate  eight-cycle- 
per-second  frequency,  which  was  also  observed  in  the  normal  force  gage  output 
of  the  main  balance.  The  natural  frequency  of  the  model  on  its  hover 
mounting  is  approximately  eight  cycles  per  second  in  the  vertical  plane. 

These  frequencies  are  all  well  within  the  capability  of  the  light  beam 
oscillograph  which  can  record  frequencies  from  zero  to  in  excess  of  900 
cycles  per  second. 

The  amplitude  of  the  8  cps  thrust  oscillation  was  very  '.surge  and 
was  affected  by  the  surface  winds.  Figure  3-5  presents  a  typical  oscillograph 
trace  for  the  condition  of  surface  winds  on  and  off.  ^or  all  three  disc 
loadings,  the  armlitude  of  the  thrust  oscillation  varied  plus  and  minus  10 
to  15  pounds  with  no  surface  winds  and  plus  and  minus  20  to  25  pounds  with 
the  surface  winds  (q  =  0.59).  Although  the  surface  winds  approximately 
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doubled  the  amplitude  of  the  propeller  thrust  oscillation,  the  frequencies 
were  so  high  that  the  model  data  was  not  affected.  These  frequencies  and 
amplitudes  only  affect  the  mechanical  life  of  the  thrust  cowls.  The  various 
sea  states  simulated  by  the  wave-maker  had  no  apparent  effect  on  the  pro¬ 
peller  thrust  amplitude  or  frequency. 

Six  electric  depth  gages  were  positioned  in  the  water  under  the 
model  as  shown  in  Figure  U-6  to  record  the  amplitude  and  frequency  of  the 
water  surface  disturbances  on  a  6-inch  light  beam  oscillograph.  These  data 
indicate  that  with  the  wave  maker  on  and  off  the  propellers  generate  waves 
with  a  frequency  of  approximately'  three  cycles  per  second  that  move  ou* 
fran  the  model  with  an  amplitude  that  is  dependent  on  model  height  and 
disk  loading.  These  data  are  presented  in  detail  in  Section  U.  A  typical 
time  history  of  waves  generated  by  the  propellers  with  the  wave  maker  off  is 
presented  in  Figure  3-6.  Data  obtained  witn  the  wave  maker  on  showed  the 
three  cycles  per  second  frequency  superimposed  on  the  wave  pattern. 
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4.0  DOWNWASH  ENVIRONMENT 


4.1  INTRODUCTION 

One  of  the  objectives  of  this  test  program  was  the  definition  of 
environmental  conditions  generated  by  a  four-engined  tilt-wing  vehicle  using  a 
powered  .11- scale  model  of  the  XC-1U2  hovering  over  water.  Primary  emphasis 
was  placed  on  determining  the  following: 

a.  Amount  of  spray  passing  through  the  propellers. 

b.  Shape  of  the  depression  formed  by  the  slipstream  4  the  water 
beneath  the  model. 

c.  Size  of  the  spray  droplets. 

d.  General  spray  patterns. 

For  each  of  the  above,  the  effects  of  model  height,  roll  angle,  wing  angle, 
disc  loading,  wave  height,  wave  length,  ambient  winds,  and  vertical  floats  were 
determined.  The  results  of  this  test  have  beer,  compared  with  those  of  other 
tests,  some  of  which  were  with  full-scale  vehicles. 

4.2  DATA  RECORDING  TECHNIQUES 

4.2.1  Moisture 

4. 2. 1.1  Water  Flow  Rate 

Experience  with  seaplanes  and  helicopters  operating  near  the  water 
surface  indicates  that  water  ingestion  (particularly  salt  water)  is  sufficient 
to  be  detrimental  to  gas  turbine  engine  operation  and  life.  Engine  flameout 
occurs  over  fresh  water  with  concentrations  of  by  weight  of  water-in¬ 

air;  however,  salt  water  can  cause  unacceptable  corrosion  with  concentration 
of  one  part  per  million  (ppm)  of  salt-in-air  (Reference  4-1).  Water  measure¬ 
ment  accuracy  requirements  were  set  by  the  salt  water  criteria;  individual 
measurements  were  accurate  to  +.00002  lb/min-in.  (.2  ppm  salt-in-air). 
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Two  aethoda  were  attested  to  record  the  quantity  of  water  passing 
through  the  model  propellers.  The  primary  method  was  the  moisture  meter  shown 
in  Figure  4-1.  For  the  previous  test,  conducted  under  contract  No.  N00014-66- 
C0095  (Reference  4-2),  a  single  moisture  meter  was  mounted  on  the  left  wing; 
for  this  test  a  moisture  meter  was  mounted  on  each  wing  to  record  the  un- 
symmetrical  spray  pattern  created  by  the  model  in  roll.  The  meters  opened  for 
a  specified  time  exposing  sponge-filled  trays.  Analytical  balances,  providing 
measurement  accuracies  to  +.002  grams,  were  used  to  determine  the  amount  of 
water  collected.  As  a  check  for  the  moisture  meters,  the  isokinetic  probe 
shown  in  Figure  4-2  was  used  to  sasple  the  moisture  behind  the  propellers. 

The  velocity  into  the  probe  was  maintained  equal  to  the  surrounding  slipstream 
velocity  by  a  vacuum  pump.  Thus  an  undisturbed  stream  of  air  entered  the 
probe  and  was  filtered  for  analysis.  The  filter  portion  of  the  Isokinetic 
probe  weighed  over  a  pound,  and,  as  a  consequence,  was  too  heavy  to  weigh  on 
available  scsa.es  having  sufficient  accuracy.  As  a  result,  no  useful  data  was 
acquired  from  the  isokinetic  probe.  The  locations  of  the  moisture  meter  trays 
and  the  isokinetic  probe  are  shown  in  Figure  4-3. 

4. 2. 1.2  Droplet  Size 

The  size  of  the  droplets  in  a  flow  field  determines  the  ability 
of  the  spray  to  follow  air  currents;  light  spray  and  aerosols  follow  the  air- 
stream,  while  larger  droplets  tend  to  precipitate.  Previous  investigations 
with  various  size  models  with  scaled  disc  loadings  (References  4-3  and  4-4) 
indicated  that  a  finer  mist  was  generated  by  the  larger  models.  Droplet  sizes 
were  recorded  to  determine  if  the  droplets  created  by  the  present  test  were 
too  large  to  follow  the  airstream  and  to  provide  a  base  for  comparison  with 


full-scale  tests. 


Two  types  of  instrumentation  were  used  to  determine  droplet  sizes 
for  this  test.  Pictures  of  droplets  down  to  40  microns  in  diameter  were  taken 
from  13  f'et  away  using  the  4o-inch  lens  mounted  on  a  camera.  Another  method 
using  a  device  known  as  a  droplet  snatcher  (Figure  4-4)  was  also  employed  to 
measure  droplet  size.  Glass  slides  coated  with  light  (SG  =  .972)  over  heavy 
(SG  ■  1.11)  silicone  fluids  were  inserted  in  the  droplet  snatcher,  exposed  to 
the  spray  for  1  to  2  seconds,  and  photographed  under  a  microscope.  The  drop¬ 
lets  were  suspended  at  the  interface  between  the  two  fluids.  The  smallest 
droplets  that  could  be  detected  were  9  microns  in  diameter,  while  the  largest 
that  could  be  captured  without  shattering  were  1,250  microns. 

4.2.2  Water  Depression 

The  slope  of  the  depression  formed  by  the  slipstream  in  the  water 
beneath  the  model  influences  the  amount  of  spray  circulation.  The  vertical 
component  of  the  spray  leaving  the  water  is  determined  by  the  slope  of  the 
water  near  the  depression  lip.  The  amount  of  spray  generated  is  determined  by 
the  size  of  the  wavelets  formed  in  the  depression. 

Two  methods  of  recording  depression  characteristics  were  employed : 
(a)  motion  pictures  of  the  visual  depth  gages  shown  in  Figure  4-5;  and  (b) 
oscillograph  traces  from  electrical  depth  gages.  An  instantaneous  depression 
contour  was  obtained  from  a  given  movie  frame;  time  variations  at  a  given 
point  were  obtained  from  the  electrical  depth  gages.  Visual  depth  gage  read¬ 
ings  were  checked  for  accuracy  by  conparisons  between  various  readings  for 
still  water  and  comparisons  of  these  readings  with  actual  measurements  of  the 
gages.  These  comparisons  indicated  that  the  average  reading  was  within  .3 
inch  of  the  actual  depth.  The  accuracy  of  the  electrical  depth  gages  was 
within  .1  inch,  except  where  limited  by  the  small  scale  require  record 


1 6- inch  waves  on  6-inch  oscillograph  paper.  Tne  depth  gage  pattern  presented 
in  Figure  4-6  shows  the  following  types  of  depth  gages: 

a.  Visual  depth  gages  from  the  previous  test  (Reference  4-2). 

b.  Redesigned  visual  depth  gages  constructed  for  this  test. 

c.  Electrical  depth  gages. 

4.2.3  Qualitative  Observations 

Observations  of  flow  patterns  and  related  data  were  made  visually 
during  the  test  and  recorded  with  standard  and  high  speed  movie  cameras.  A 
Fhotosonics  movie  camera  at  500  frames  per  second  and  a  Milliken  movie  camera 
at  100  and  400  frames  per  second  provided  high  speed  motion  picture  coverage. 

4.3  TEST  RESULTS 

The  following  range  of  parameters  were  investigated  in  the  test: 
Disc  Loading  -  6.45,  10.8,  and  15-45  PSF 

Model  Height  «  1.4,  1.6,  2.0,  2.5,  end  3.7  propeller  diameters 

Wing  Incidence  Angle  =  70,  75,  80,  85,  and  90  degrees 

Model  Roll  Angle  >0,  5,  and  10  degrees 

Vertical  Floats:  on  and  off 

Wave  Height  >0,  6,  and  12  inches 

Wave  Length- to-Height  Ratio  *  10  and  15 

Wind:  off  and  on  (13  knot  headwind) 

An  additional  test  parameter  was  ambient  winds.  The  wind  generator  was  di¬ 
rectly  in  front  and  due  south  of  the  model  as  shown  in  Figure  4-7;  conse¬ 
quently,  wind-on  runs  were  usually  conducted  when  the  wind  exceeded  8  knots 
only  if  the  wind  was  from  the  south,  since  a  south  wind  was  found  to  have  a 
minimum  effect  on  wind  generator  flow  characteristics.  Testing  was  generally 
terminated  when  the  wind  exceeded  8  knots  from  any  other  direction. 


A  standard  format  has  been  adapted  for  each  of  the  four  types  of 
data  presented  in  the  following  sections: 

a.  The  moisture  meter  data,  tabulated  in  terms  of  lb/min-in.  ,  is 
presented  in  Table  4-1.  This  information  is  presented  graph¬ 
ically  in  terms  of  spray  circulation  profiles  along  the  wing 
and  comparisons  between  averages  of  all  the  moisture  trays  for 
a  given  condition. 

b.  Contours  beneath  the  wings,  fore  and  aft  beneath  each  nacelle, 
and  topographical  maps  of  the  water  depression  have  been  pre¬ 
pared  from  visual  depth  gage  data. 

c.  Depth  variation  with  time  at  a  given  point  is  recorded  by  the 
electrical  depth  gages. 

d.  Droplet  photographs  were  used  to  prepare  droplet  size  distri¬ 
bution  curves. 

4.3.1  Flow  Field  Description 

Wind  and  waves  complicate  the  already  complex  flow  field  generated 
by  a  tilt-wing  aircraft  with  four  propellers  hovering  over  water.  There  are 
interactions  between  neighbor!  propeller  slipstreams,  and  between  individual 
propeller  slipstreams  and  the  wind,  the  waves,  and  the  fuselage.  These  inter¬ 
actions  over  deep  water  generate  a  flow  field  that  never  reaches  a  steady 
state. 

The  basic  flow  pattern  without  waves  beneath  the  model  is  shown  in 
Figure  4-7.  The  two  propeller  slipstreams  on  each  wing  coalesce  to  fora  a 
single  depression  beneath  each  wing.  The  two  coalesced  jets  of  air  met  be¬ 
neath  the  fuselage  to  produce  a  "fountain  effect,"  which  was  responsible  for 
the  majority  of  spray  generated  at  any  test  condition.  This  reinforced  flow 
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area  carried  the  spray  fore  and  aft  beneath  the  fuselage  and  up  onto  the 
bottom  of  fuselage.  Movies  from  the  previous  test  (Reference  4-2)  indicate 
that, when  fuselage  blockage  is  not  available,  the  spray  is  carried  into  the 
area  of  the  propellers.  There  is  virtually  no  additional  spray  formed  between 
adjacent  propellers  due  to  their  overlap. 

In  still  water,  wavelets  are  formed  at  the  bottom  of  each  de¬ 
pression  and  increase  in  amplitude  as  they  progress  up  the  sides  of  the  de¬ 
pression.  For  mild  spray  conditions,  spray  is  formed  along  the  rim  of  the 
depression  as  each  wavelet  reaches  the  rim  (Figure  4-7).  Spray  1:  formed  on 
the  crest  of  each  wavelet  at  severe  spray  conditions.  The  depression  shape 
and  location  varies  continuously  in  a  random  manner. 

The  wave -slipstream  interactions  with  6-inch  wave  patterns  as  a 
function  of  slowly  increasing  model  disc  loading  at  a  given  model  height  lead 
to  the  following  four  observations: 

a.  Below  6.4  psf,  the  wave  velocity  decreases  at  the  center  of 
the  wave  forcing  the  wave  Crestline  into  an  arc. 

b.  Increasing  the  disc  loading  forces  the  wave  crest  into  a  chev¬ 
ron  with  the  peak  upstream  of  the  model.  This  creates  essen¬ 
tially  two  wave  patterns  that  meet  and  form  10-  to  12-inch 
unstable  mounds  of  water  immediately  forward  of  the  fuselage. 
The  tops  of  these  mounds  are  carried  away,  creating  dense  spray. 
Only  near  the  tank  sidewalls  did  the  wave  pattern  pass  the 
model.  There  is  a  2-  to  4-inch  high  wave  pattern  aft  of  the 
model. 

c.  Still  further  increases  in  disc  loading  transformed  the  area 
forward  of  the  model  into  a  confused  sea  with  waves  12  to  14 


inches  high.  The  slipstream  completely  destroys  the  wave 
pattern,  leaving  only  ripples  downstream  of  the  model. 

d.  Because  of  the  cross  waves  set  up  by  the  model,  an  acceptable 
wave  train  could  not  be  established  in  less  than  5  minutes 
after  termination. 

The  12-inch  waves  contained  more  energy;  consequently,  they  were 
not  destroyed  by  the  slipstream.  A  depression  was  formed,  and,  at  high  disc 
loadings,  spray  was  driven  up  the  advancing  side  of  the  wave;  and  the  wave 
crest  was  transformed  into  spray. 

Actuation  of  the  wind  generator  forced  the  forward-driven  spray  to 
form  a  vertical  wall,  and  then  rolled  it  back  toward  the  model.  Since  the 
model  support  system  was  stiffened  prior  to  this  test,  the  model  did  not  sway 
as  it  did  in  the  previous  test  with  the  wind  off.  However,  the  wind  generator 
and  model  dynamics  were  sufficient  to  cause  sway  in  the  stiffened  support  sys¬ 
tem  with  the  wind  on. 

The  intermediate  disc  loading  of  10.82  psf  was  equal  to  the  high¬ 
est  disc  loading  on  the  previous  test.  The  highest  disc  loading  (15.45  psf) 
run  in  this  test  was  responsible  for  considerable  propeller  damage.  The  right 
inboard  propeller  (No.  3)  was  subject  to  most  of  the  damage,  with  the  right 
outboard  propeller  (No.  4)  a  close  second.  After  49  runs,  two  propellers  had 
eroded  severely  in  the  No.  3  position.  Because  of  this  problem,  the  high  disc 
loading  testing  at  low  heights  was  minimized  because  of  possible  propeller 
damage.  In  addition,  one  propeller  was  coated  with  a  VAD- developed  neoprene 
coating  and  installed  in  the  No.  3  position.  A  photograph  of  this  propeller 
is  shown  in  Figure  4-8  prior  to  installation.  A  short  time  later,  a  new  un¬ 
coated  propeller  was  Installed  in  the  No.  4  position  and  at  the  end  of  the 
test,  approximately  21  hours  of  running  time  for  each  propeller,  the  new 
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propeller  was  eeverely  damaged  (Figure  4-9)  while  the  coated  propeller  was 
only  slightly  pitted  (Figure  4-10).  This  coating  is  thus  considered  very 
effective  in  protecting  surfaces  from  water  erosion  under  conditions  similar 
to  those  experienced  by  a  propeller  blade. 

4.3.2  Repeatability  and  Sidewall  Effects 

The  tank  was  full  of  water  during  the  first  four  runs  of  this 
test.  For  the  remaining  runs,  the  water  level  was  maintained  7  inches  below 
the  tank  low  point  (the  tank  low  point  was  2  inches  below  the  sides  of  the 
test  section)  to  provide  sufficient  room  to  generate  12-inch  waves.  These 
four  initial  runs  provide  a  comparison  with  the  previous  test  (Reference  4-2) 
and  show  sidewall  effects  when  compared  with  later  runs.  The  tank  sidewalls 
were  close  enough  to  the  model  to  provide  some  flow  blockage  (Figure  4-11) 
that  slightly  increased  the  depression  depth  and  the  amount  of  spray  circula¬ 
tion.  However,  since  20  minutes  are  required  to  change  the  water  level  1  inch, 
it  was  not  considered  worthwhile  to  change  water  level  between  runs  to  mini¬ 
mize  this  interference  effect. 

The  ability  to  repeat  a  given  result  is  very  important  for  this 
type  of  test.  Figure  4-12  shows  data  from  four  separate  runs  from  this  test 
and  one  from  the  previous  test.  Movies  of  the  earlier  test  indicate  that  the 
fountain  effect  was  allowed  to  periodically  escape  fuselage  blockage  at  this 
height  by  the  swaying  motion  of  the  model.  This  probably  accounts  for  the 
larger  spray  circulation  for  the  previous  test.  From  Figure  4-12,  it  appears 
that  the  moisture  meter  data  for  this  test  can  be  repeated  within  .0005  lb/min 
per  sq  inch. 

Moisture  meter  data  and  propeller  erosion  indicated  that  the 
right  wing  of  the  model  experienced  more  spray  recirculation  than  the  left. 
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This  may  have  been  caused  by  a  camera  platform  (Figure  2-2)  some  distance 
above  the  left  wing. 

The  importance  of  tank  sidewall  blockage  at  high  disc  loadings  is 
shown  in  Figure  4-13,  where  approximately  seven  times  as  much  water  was  trapped 
at  the  lower  water  level  as  with  the  tank  full.  While  Figure  4-13  shows  a 
small  increase  in  spray  circulation  at  the  intermediate  disc  loading,  the 
influence  of  the  sidewalls  became  more  pronounced  as  the  model  was  lowered. 

At  the  lowest  model  height  tested  (H/D  *=  1.4),  the  intermediate  disc  loading 
also  shows  a  sevenfold  increase  in  spray  circulation  with  sidewalls  (Table 
4-1). 

The  shape  of  the  water  depressions  for  this  test  is  compared  with 
similar  data  from  the  previous  test  in  Figures  4-14  and  4-15.  Reasonable 
agreement  was  shown  with  the  tank  full.  Complete  agreement  could  not  be 
expected,  since  depth  is  a  function  of  time  (Figure  4-16),  and  there  is  no  way 
to  synchronize  the  two  tests.  The  effects  of  sidewalls  on  depression  shape 
are  presented  in  Figures  4-l4  and  4-15.  The  sidewall  blockage  apparently 
gives  deeper  depressions  ben^rth  the  propellers.  The  data  presented  in  the 
following  sections  include  the  effects  of  the  7-inch  sidewalls. 

4.3.3  Effects  of  Important  Parameters 

4. 3. 3.1  Time 

When  an  air  mass,  accelerated  by  a  propeller,  strikes  the  water 
surface,  an  inherently  unstable  condition  is  the  result.  Electrical  depth 
gages  were  used  to  measure  the  time  variations  of  the  water  surface  beneath 
the  model.  A  number  of  typical  electric  depth  gage  traces  tre  presented  in 
Figure  4-l6.  The  axis  of  abscissa  was  arbitrarily  placed  in  the  center  of  the 
trace  to  provide  a  direct  comparison  between  disc  loadings  and  reflects  depth 
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variations  about  a  given  point  and  not  the  absolute  displacement.  The  small¬ 
est  wavelets  at  each  disc  loading  were  recorded  on  gages  18  and  22  located 
near  the  center  of  the  depression  and  directly  beneath  the  propellers  (Figure 
4-6).  The  growth  of  the  wavelets  as  they  move  up  the  sides  of  the  depression 
can  be  determined  by  a  comparison  of  gages  22,  3 5,  and  32.  The  basic  frequen¬ 
cy  of  the  wavelets  is  approximately  three  cycles  per  second.  Some  subsequent 
sections  present  water  contours  beneath  the  model  at  a  given  instant.  It 
should  be  enphaslzed  that  these  are  subject  to  considerable  variations  with 
time. 

4. 3. 3. 2  Model  Height 

Model  height  was  measured  from  the  water  surface  to  the  average  of 
the  outboard  propeller  centerlines  and  expressed  as  height  divided  by  pro¬ 
peller  diameter  (H/D).  Table  4-2  presents  the  full-scale  heights,  disc  load¬ 
ings,  wave  heights,  and  wind  speeds  for  the  model  conditions  tested.  These 
data  can  be  compared  with  sea  state  definitions  presented  in  Table  4-3  to 
obtain  equivalent  full-scale  sea  states. 

Since  air  velocities  near  the  water  surface  increase  as  the  model 
is  lowered  (Reference  4-3),  additional  spray  was  formed  and  circulated.  Fig¬ 
ures  4-17  and  4-18  present  the  increased  circulation  with  model  height  re¬ 
duction  for  the  intermediate  and  high  disc  loadings  respectively.  The  effects 
of  waves ,  wind,  and  height  are  presented  in  Figure  4-19  for  the  intermediate 
disc  loading.  The  increase  of  spray  circulation  as  height  decreases  is  a 
minimum  without  wind  or  waves.  It  Increases  with  the  addition  of  6-inch  waves 
and  no  surface  wind.  It  increases  far  more  with  the  addition  of  the  13  Knot 
surface  wind  and  no  waves.  The  spray  circulation  is  most  pronounced  with  both 
wind  and  waves.  As  shown  by  comparison  of  Figure  4-20  to  Figure  4-19, 
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increasing  the  disc  loading  increased  the  amount  of  water  flowing  through  the 
propellers  at  any  given  height. 

Reducing  model  height  increased  depression  depth,  as  seen  in  Fig¬ 
ures  4-21  through  4-28,  due  to  an  increase  in  static  pressure  beneath  the 
propellers  (Reference  4-5) .  Figures  4-21  and  4-22  present  complete  sets  of 
contours  leneath  the  left  wing  at  a  given  instant  for  a  certain  height.  The 
following  sets  are  taken  at  four  frame  intervals  (l/6  second)  to  account  for 
time  variations.  In  the  following  sections  only  one  set  of  typical  data  will 
be  presented. 

4. 3* 3. 3  Disc  Loading 

Increasing  disc  loading  increases  the  amount  of  spray  for  given 
test  condition  as  shown  in  Figures  4-29,  4-30,  and  4-31.  Figure  4-32  presents 
the  increased  spray  circulation  caused  by  increased  disc  loading  as  measured 
by  the  individual  trays.  The  interactions  of  wind,  waves,  and  disc  loading  in 
relation  to  spray  circulation  are  examined  in  Figure  4-33.  It  was  found  that 
the  amount  of  water  trapped  increases  much  more  rapidly  with  increasing  disc 
loading  when  wind  and/or  waves  sore  present.  The  destruction  of  6-inch  waves 
by  the  high  disc  loading  in  the  presence  of  wind  generated  the  most  spray 
circulation. 

Figures  4-34  and  4-35  present  the  change  in  depression  shape  and 
depth  as  the  disc  loading  is  increased.  Only  with  the  model  in  the  highest 
position  was  it  practical  to  read  the  visual  depth  gages  for  the  15.45  psf 
disc  loading. 

4. 3. 3.4  Wing  Angle 

A  series  of  runs  was  conducted  with  the  wind  on  and  various  wing 
positions  at  a  model  height  (H/D)  of  3*7.  Previous  tests  (Reference  4-6) 
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indicated  that  a  tilt  wing,  four-propeller  STOL  has  much  more  water  circu¬ 
lation  than  VTOL  when  they  are  waterborne.  The  STOL  slipstream  carried  spray 
forward  of  the  craft,  and  the  propellers  drew  the  spray  back  toward  the  craft. 
This  series  of  runs  was  conducted  to  determine  if  this  same  principle  would 
apply  to  a  VTOL  vehicle  hovering  in  a  headwind.  At  this  height  the  headwind 
tends  to  blow  the  spray  back  beneath  the  model  before  it  reaches  the  area  of 
the  propellers.  Decreasing  the  wing  angle  below  60°  helped  the  wind  to  blow 
the  spray  aft,  giving  a  marked  reduction  in  the  amount  of  spray  trapped  (Fig¬ 
ure  4-36).  Contributing  to  this  reduction  of  spray  circulation  was  the  move¬ 
ment  of  the  depression  to  the  rear  as  wing  angle  was  reduced  (Figures  4-37  and 
4-38). 

4. 3. 3. 5  Wind 

The  dramatic  Increase  in  spray  circulation,  attributable  to  wind, 
has  been  discussed  in  the  previous  sections  with  relation  to  model  height  and 
disc  loading.  The  wind  does  not  generate  spray;  however,  it  will  roll 
slipstream-generated  spray  back  over  the  model.  This  effect  is  demonstrated 
in  Figure  4-39  where  more  water  is  trapped  at  the  lower  model  heights  where 
more  spray  is  generated.  The  effect  of  wind  ou  spray  circulation  may  have 
been  influenced  by  the  swaying  of  the  model  and  sting  during  wind-on  runs,  al¬ 
though  the  magnitude  of  this  effect  couJd  not  be  assessed. 

The  influence  of  wind  on  depression,  presented  in  Figures  4-40  and 
4-4l,  indicates  that  the  primary  effect  of  wind  was  to  move  the  depression 
aft.  A r.  would  be  expected,  the  lower  disc  loading  depressions  were  moved  the 
farthest  aft. 
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4 . 3 . 3 .  6  Waves 

Wave  heights  of  6  and  12  inches  were  tested  which,  along  with  the 
still  water  data,  present  a  three-point  comparison.  Scaled  wave  heights  and 
lengths  shown  in  Table  4-2  were  determined  by  assuming  that  they  were  propor¬ 
tional  to  the  propeller  diameter.  The  effect  of  wave  height  on  the  amount 
of  spray  trapped  is  shown  in  Figure  4-42.  Both  wave  heights  increased  spray 
circulation.  The  small  waves  probably  increased  the  spray  circulation  by 
their  instability,  and  the  large  ones  probably  because  their  tops  pass  closer 
to  the  model.  The  average  of  the  moisture  trapped  at  all  stations  shows 
interesting  trends  at  various  wave  heights  (Figure  4-43).  With  the  wind 
off,  the  spray  circulation  was  greatest  with  the  12-inch  wave  height;  with  the 
wind  on,  the  unstable  6-inch  waves  caused  the  most  spray  circulation.  Wave 
length- to-height  ratios  of  10  and  15  were  tested;  the  shorter  waves  were  less 
stable,  causing  an  increased  spray  circulation  as  shown  in  Figure  4.44.  The 
shorter  wave  length  decreased  the  wave-maker  reliability;  therefore,  the 
majority  of  the  testing  was  conducted  at  the  longer  wave  length. 

Providing  valid  data  when  waves  are  present  is  a  major  problem  in 
using  visual  depth  gages.  The  source  of  the  problem  is  the  difficulty  of 
stopping  two  moving  waves  in  precisely  the  same  phase  for  comparison.  The 
available  data  was  examined  until  frames  with  the  waves  in  the  same  phase  were 
found,  and  only  then  could  such  a  comparison  be  made.  A  wave  height  conpari- 
son  is  presented  in  Figures  4-45  to  4-47.  The  instability  of  the  6-inch  waves 
is  highlighted  by  Figure  4-4^  since  the  waves  are  in  phase  per  Figures  4-46 
and  4-47.  Wind  and  model  height  effects  are  presented  in  the  next  three 
curves  (Figures  4-48  to  4-50).  The  lower  the  model  height,  the  greater  the 
disruptive  effects  of  the  downwash  on  wave  pattern. 


i 
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Since  visual  depth  gage  data  is  not  entirely  satisfactory  when 
waves  were  present,  additional  data  from  the  electrical  depth  gages  is 
presented  in  Figures  4-51  to  4-54.  Information  from  rolled  configurations  is 
presented,  since  the  electrical  gages  were  not  completely  operational  until 
late  in  the  test  program.  Data  for  6-inch  waves  are  presented  in  Figures  4-51 
and  4-52.  Gage  28  is  40  inches  forward  of  the  model  and,  although  it  reflects 
some  influence  of  the  slipstream  disturbance,  the  trace  basically  represents 
an  undisturbed  wave.  The  wave  properties  directly  beneath  the  left  inboard 
and  outboard  propellers  are  presented  by  gages  18  and  22  respectively;  these 
traces  show  that  the  wave  pattern  has  been  depressed  in  this  area.  A  com¬ 
parison  of  gage  44,  which  is  forward  of  the  depression,  and  gage  35,  which  is 
aft  of  the  depression,  shows  increased  wave  destruction  as  disc  loading  is 
increased.  Twelve-inch  wave  properties  for  a  typical  run  are  presented  in 

Figures  4-53  and  4-54.  Gages  18  and  22  show  the  basic  depressed  wave  shape  in 
the  stagnation  region  directly  beneath  the  propellers.  In  the  flow  turning 

region,  approximately  one  propeller  diameter  from  the  stagnation  point,  the 

flow  velocit;  increases  as  the  static  pressure  decreases.  The  increasing  wave 

disturbance,  as  the  velocity  increases,  is  shown  ly  a  comparison  of  gage  32 

with  gages  35  and  44. 

4. 3. 3. 7  Roll  Angle 

The  model  was  rolled  with  the  left  wing  down  to  determine  the 
effects  of  this  configuration  on  spray  circulation.  Previous  tests  (Ref¬ 
erence  4-2)  indicated  that  severe  spray  circulation  could  be  generated  with  a 
10°  roll  and  a  model  height  (H/D)  of  one.  During  this  earlier  test,  roll  and 
model  sway  allowed  the  fountain  effect  to  periodically  escape  fuselage  block¬ 
age  and  enter  the  region  of  the  right-hand  propellers.  However,  it  was  shown 
that  spray  circulation  dropped  off  rapidly  as  the  model  was  raised. 


This  test  covered  the  higher  model  positions  (2  <  H/D  <  3.7)  and 

shoved  that  rolling  the  model  at  these  conditions  dropped  spray  circulation 
(Figures  4-55  and  4-56) .  The  model  did  not  generate  a  strong  fountain  effect 

at  the  heights  tested;  consequently,  rolling  the  model  had  the  same  effect  as 

decreasing  wing  incidence  angle;  i.e. ,  the  spray  was  blown  away  from  the  model 

by  the  slipstream.  Even  at  the  highest  disc  loading,  the  slipstream  struck  the 

right  tank  sidewall  with  insufficient  force  to  carry  the  spray  back  into  the 

propeller  region. 

The  depression  beneath  the  left  wing  becomes  deeper  as  roll  angle 
is  increased  since  the  effective  height  of  this  wing  is  reduced  (Figures  4-57 
and  4-58).  Rolling  the  model  raises  the  right  wing;  therefore,  the  depression 
for  the  left  wing  is  deep  than  for  the  right  as  shown  in  Figures  4-59  and 

4-60.  A  topographic  of  the  water  contours  beneath  the  model  at  each 

roll  ccndition  is  pre-v  d  in  Figure  4-6i. 

4. 3.3.8  Vertical  Floats 

Vertical  floats  (Figure  4.5)  combined  with  a  VTOL  cap^Mlity  pre¬ 
sent  great  promise  for  a  practical  seaplane  having  an  open  ocean  operational 
capability.  The  vertical  floats  provide  a  more  stable  platform  at  sea  than 
does  a  flying  boat  configuration.  T"  "  >  ’•ats  were  mounted  on  the 
model  approximately  where  the  heavy  sp.«y  f  ns  originate  from  the  fore 
and  aft  ends  of  the  depression.  Thus,  the  floats  served  as  spray  deflectors, 
reducing  spray  circulation  for  the  majority  of  the  cases  shown  in  Figures  4-62 
and  4-63.  The  floats  also  block  the  slipstream  and  force  the  water  depression 
to  become  deeper,  according  to  Figures  4-64  and  4-65- 
4.3.4  Droplet  Size  Investigation 

The  size  of  droplets  entrained  in  an  airstream  determines  the 
droplet  trajectory.  Previous  investigators  (References  4-3  and  4-4)  have  in¬ 
dicated  that  the  droplets  created  by  small-scale  devices  are  actually  larger 
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than  their  full-scale  counterparts  when  a  scaled  disc  loading  is  used. 

Reference  4-7  used  a  shock  tube  with  a  velocity  peak  to  determine  the  maximum 
droplet  size  that  can  exist  in  a  flow  field  with  a  given  velocity.  The 
largest  droplets  photographed  during  this  test  compare  favorably  (Figure  4-66) 
with  results  from  Reference  4-7  when  the  maximum  velocity  across  the  water  is 
used.  The  same  trend  is  evident  from  Figures  4-67  and  4-68,  since  more  of  the 
droplets  are  in  the  larger  size  ranges  for  the  lower  disc  loading.  The  intro¬ 
duction  of  wind  apparently  changes  this  trend  (Figures  4-69  and  4-70).  The 
preceding  samples  were  obtained  about  10  feet  aft,  8  feet  to  the  left  of  model 
erline,  and  approximately  1  foot  above  the  water  surface.  The  sample 
shown  in  Figure  4-71  was  taken  aft  of  the  model  beside  the  tank  approximately 
4  feet  below  water  level  and  12  feet  to  the  left  of  the  model.  A  typical 
mic-  .lotograph  of  a  droplet  snatcher  slide  is  shown  in  Figure  4-72. 

Photographs  through  a  40-inch  lens  system  were  token  of  the  area 
near  depth  gage  No.  28.  The  depth  of  field  was  very  shallow;  thus  droplets 
that  are  in  focus  are  in  the  same  plane  as  the  depth  gage,  which  provides  a 
method  of  scaling.  A  typical  photograph  is  presented  in  Figure  4-73-  Only 
a  small  amount  of  data  was  successfully  recorded  with  this  method;  consequently, 
the  data  from  all  three  disc  loadings  ere  combined  and  are  presented  in 
Figure  4-74.  These  data  also  indicate  that  most  of  the  droplets  are  below 
100  microns  in  diameter.  However,  since  the  6.45  disc  loading  was  included 
and  the  droplets  were  not  subject  to  shattering,  more  droplets  in  the  larger 
size  bands  were  detected. 

4.3.5  Effects  of  a  Ik? n- Newtonian  Fluid 

Approximately  two  pounds  of  polyethylene  oxide  (poly-ox)  were 
sprinkled  on  the  water  beneath  the  model.  This  compound  has  a  molecular 
weight  of  approximately  six  million  and  forms  a  heavy  gelatinlike  coating  on 
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water.  This  coating  slowly  dissolved  as  the  poly-ox  increased  the  surface 
tension  of  the  water,  causing  noticeably  larger  droplets  to  be  formed  at  the 
same  test  condition.  These  larger  droplets  had  a  tendency  to  precipitate, 
giving  an  overall  reduction  in  spray. 

After  the  poly-ox  was  spread,  it  was  discovered  that  a  foreign 
object  had  been  dropped  on  the  left  side.  Retrieving  this  object  disturbed 
the  poly-ox  coating,  causing  the  coating  to  sink  a  few  inches  below  the  sur¬ 
face  of  the  water.  This,  perhaps,  explains  the  deep  depression  with  poly-ox 
shown  in  Figures  4-75  and  4-76. 

Application  of  the  poly- ox  was  rendered  difficult  by  a  slight 
breeze  wafting  the  light  powder  away.  Larger  grain  size  would  ease  applica¬ 
tion  but  would  probably  increase  the  time  required  for  the  pad  to  dissolve. 

A  more  buoyant  form  would  also  be  advantageous.  A  number  of  similar  compounds 
are  available,  and  tests  of  each  might  lead  to  the  discovery  of  a  spray  in¬ 
hibitor  in  a  most  useful  form. 

4.4  DATA  SCALING 

Considerations  of  dynamic  similarity  between  fluid  motions  on  the 
model  scale  and  full  scale  are  extremely  important  in  acquiring  representative 
and  meaningful  results  in  any  experiment.  For  the  present  problem,  the  forces 
which  appear  to  predominate  are  inertial,  gravitational,  viscous,  and  surface 
tension  (Reference  4-2).  Dividing  the  last  three  by  the  Inertial  force  yields 
the  Froude,  Reynolds,  and  Weber  numbers,  respectively.  These  three  ratios 
cannot  be  satisfied  simultaneously;  consequently,  conplete  dynamic  similarity 
is  not  possible.  The  ratio  having  the  strongest  influence  must  be  satisfied, 
realizing  that  other  effects  may  be  distorted. 
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If  viscous  and  surface  tension  effects  are  ignored,  the  resulting 
flow,  including  the  cavity  shape  and  air  velocity  field,  depends  only  upon  the 
Froude  number  which  is  defined  by: 

Fr  -  ^n/gD 

Where: 

-  Disc  loading  of  the  propulsive  unit 

g  ■  Gravitational  constant 
D  -  Diameter  of  propulsive  unit 

The  spray  cloud  height  was  used  in  Reference  4-4  as  a  criterion  to 
make  the  following  modification  to  the  Froude  number: 


%  -  % 
gD 


Where  Sj  is  the  dynamic  pressure  across  the  water  required  to  initiate  spray 
(approximately  2  psf).  The  full-scale  disc  loadings  presented  in  Table  4-2 
were  derived  from  this  relationship.  Comparisons  of  motion  pictures  of  the 
model  and  the  XC-142A  actual  airplane  under  similar  conditions  indicate  that 
the  wave  patterns  and  heavy  spray  characteristics  are  better  represented  by  a 
model  disc  loading  approximately  50i  higher  than  that  derived  from  the  rela¬ 
tionship  used  in  Reference  4-4.  This  agrees  with  the  conclusions  reached  in 
Reference  4-8. 

The  effect  of  viscosity,  or  Reynolds  number,  would  be  expected  to 
affect  two  areas:  mixing  at  the  Jet  boundary  and  shear  at  the  air/water  inter¬ 
face.  The  effects  of  mixing  at  the  Jet  boundary  are  currently  undefined,  al¬ 
though  they  are  believed  to  be  small. 

Ho  only  viscosity  but  also  surface  tension,  or  Weber  number, 
pl*:s  a  significant  role  in  spray  formation  at  the  air/water  interface.  This 
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portion  of  the  flow  was  studied  using  comparisons  of  full-scale  and  model 
motion  pictures.  The  pictures  indicated  that  more  light  spray  was  present  for 
the  XC-142A  airplane  than  for  the  model  tests.  This  is  directly  attributable 
to  the  inability  to  scale  Weber  number. 

Increasing  Froude,  Reynolds,  and  Weber  numbers  increased  the  spray 
recirculation  for  a  given  test  condition  as  shown  in  Figures  4-77  to  4-89. 

Since  each  of  these  parameters  is  directly  proportional  to  disc  loading,  the 
result  was  to  be  expected. 

4.5  SIGNIFICANCE  OF  RESULTS 

The  results  of  this  test  have  been  compared  with  other  tests  to 
improve  the  applicability  of  the  data.  Comparisons  for  each  type  of  downwash 
environment  measurement  are  presented  in  the  following  sections. 

4.5.1  Spray  Circulation 

The  majority  of  the  spray  circulation  measurements  recorded  in  the 
literature  have  been  concerned  with  salt  ingestion  by  gas  turbine  helicopter 
engines.  The  salt  ingestion  rate  for  helicopters  hovering  in  zero  wind  con¬ 
ditions  generally  falls  below  1  ppm  salt-in-air  (Reference  4-1).  Limited  data 
for  the  P6M  and  XF2Y  while  waterborne  indicates  that  aircraft  ingested  2,000  to 
4,000  ppm  salt-in-air  in  some  conditions.  The  amount  of  water  trapped  in  the 
moisture  meters  was  scaled  to  a  full-scale  XC-142A  by  assuming  that  the  same 
quantity  of  water  would  pass  through  a  given  flow  area  in  a  unit  time.  The 
results,  presented  in  Table  4-1,  indicate  that  salt  ingestion  for  the  XC-142A 
will  be  slightly  greater  than  for  a  helicopter  at  the  same  conditions. 

4.5.2  Depression  Shape 

Another  report  in  the  area  of  depression  depth  and  shape  is 
Reference  4-9,  which  presents  a  wealth  of  test  data  for  Isolated  unifora  jets 


of  various  sizes  over  water.  Various  depression  parameters  were  carefully 
Leasured  and  correlations  were  prepared.  Although  the  present  test  used  over¬ 
lapping  propellers  which  created  a  vortex-filled  slipstream  with  a  fountain 
effect  beneath  the  fuselage,  the  data  from  this  test  correlates  well  with  the 
data  from  Reference  4-9,  as  shown  in  figures  4-00  and  4-01. 

The  discrepancies  in  depression  depth  shown  in  Figure  4-00  are 
apparently  the  result  of  model  height  effects  as  shown  by  the  points  at  low 
heights  (H/D  <  12)  presented  by  Reference  4-9.  Figure  4-01  shows  that  the 
depression  diameter  (measured  fore  and  aft  for  this  test)  agrees  very  well 
with  Reference  4-9. 

An  alternate  method  of  predicting  depression  depth  was  also  con- 
sld  red.  The  maximum  dynamic  pressure  moving  across  the  ground  as  a  function 
of  propeller  height  was  obtained  from  Reference  4-3  and  presented  in  Figure 
4-02.  These  data  were  used  to  determine  the  maximum  dynamic  pressure  over  the 
water  for  this  test.  This  term  gave  an  excellent  correlation  with  depression 
depth  for  the  present  test  at  various  conditions  as  shown  in  Figure  4-03. 

To  predict  the  depth  and  diameter  of  the  depression  beneath  the 
full-scale  XC-142,  two  methods  have  been  employed.  A  typical  movie  frame  from 
the  model  data  was  increased  ninefold  to  represent  a  full-scale  depression. 
Predictions  of  the  depression  depth  and  diameter  of  the  depression  were  pre¬ 
pared  far  the  same  conditions  using  Figures  4-01  and  4-03.  The  predicted  con¬ 
tours  for  the  full-scale  XC-142  and  the  predicted  depth  and  diameter  of  the 
depression  are  compared  in  Figures  4-04  to  4-06.  The  results  show  good  agree¬ 
ment  when  the  time  variation  of  the  contour  is  considered;  apparently  either 
method  can  be  used  to  predict  full-scale  depression  characteristics. 
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4.5.3 


Droplet  Size 


From  Figures  4-67  through  4-71  it  can  be  seen  that  the  majority  of 
the  droplets  recorded  during  this  test  fell  between  0  and  100  microns.  This 
agrees  very  well  with  similar  data  for  a  helicopter  (Reference  4-10),  which 
hovered  at  a  disc  loading  of  approximately  6.2  psf.  The  maximum  droplet  sire 
recorded  beneath  the  helicopter  compares  well  with  this  test  and  Reference 
4-7  as  shown  in  Figure  4-66.  Additional  testing  would  be  required  to  deter¬ 
mine  if  the  droplets  in  spray  from  a  full-scale  aixplane  are  appreciably 
smaller  than  the  model  droplets. 

4.5.4  General  Spray  Patterns 

From  motion  pictures  and  visual  observations  it  was  found  that  the 
most  notable  spray  pattern  characteristic  of  the  full-scale  XC-142A  hovering 
over  water  was  the  spray  donut  formed  in  the  flow  field  by  the  rollup  of  the 
airflow.  The  outside  of  this  pattern  is  nearly  vertical  and  the  inside  is 
sloping, which  give  the  spray  the  appearance  of  a  football  stadium.  Although 
the  tank  was  too  small  to  reproduce  this  pattern,  a  similar  pattern  was  formed 
in  front  of  the  model  when  the  wind  generator  was  operating. 

Examination  of  motion  pictures  of  the  model  test  and  full-scale 
test  of  the  XC-142A  and  the  XV-5A  hovering  over  water  revealed  that  spray  is 
generated  as  the  wavelets  in  the  depression  reach  the  lip  of  the  depression 
and  break.  The  frequency  of  this  spray  generation  is  apparently  related  to 
the  size  of  the  depression  made  by  the  aircraft  slipstream  since  the  frequency 
for  the  XC-142  model  was  about  4  per  second,  the  XV-5A  was  about  1.8  per  sec¬ 
ondhand  the  full-scale  XC-142A  was  about  1.1  per  second.  These  frequencies 
were  obtained  with  each  vehicle  at  about  the  same  height-to-diameter  ratio. 
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TAB U  4-1  MOIST 
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Droplet  Size 


From  Figures  4-67  through  4-71  it  can  be  seen  that  the  majority  of 
the  droplets  recorded  during  this  test  fell  between  0  and  100  microns.  This 
agrees  very  well  with  similar  data  for  a  helicopter  (Reference  4-10),  which 
hovered  at  a  disc  loading  of  approximately  6.2  psf.  The  maximum  droplet  size 
recorded  beneath  the  helicopter  compares  well  with  this  test  and  Reference 
4-7  as  shown  in  Figure  4-66.  Additional  testing  would  be  required  to  deter¬ 
mine  if  the  droplets  in  spray  from  a  full-scale  airplane  are  appreciably 
smaller  than  the  model  droplets. 

4.5.4  General  Spray  Patterns 

From  motion  pictures  and  visual  observations  it  was  found  that  the 
most  notable  spray  pattern  characteristic  of  the  full-scale  XC-142A  hovering 
over  water  was  the  spray  donut  formed  in  the  flow  field  by  the  roliuj  of  the 
airflow.  The  outside  of  this  pattern  is  nearly  vertical  and  the  inside  is 
sloping, which  give  the  spray  the  appearance  of  a  football  stadium.  Although 
the  tank  was  too  small  to  reproduce  this  pattern,  a  similar  pattern  was  formed 
in  front  of  the  model  when  the  wind  generator  was  operating. 

Examination  of  notion  pictures  of  the  model  test  and  full-scale 
test  of  the  XC-142A  and  the  XV-5A  hovering  over  water  revealed  that  spray  is 
generated  as  the  wavelets  in  the  depression  reach  the  lip  of  the  depression 
and  break.  The  frequency  of  this  spray  generation  is  apparently  related  to 
the  size  of  the  depression  made  by  the  aircraft  slipstream  since  the  frequency 
for  the  XC-142  model  was  about  4  per  second,  the  XV-5A  was  about  1.8  per  sec- 
ond,and  the  full-scale  XC-142A  was  about  1.1  per  second.  These  frequencies 
were  obtained  with  each  vehicle  at  about  the  same  height-to-diameter  ratio. 
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TABLE  4-1  MOISTURE 


•ISTURE  METER  DATA  (COHT) 


low  Rate  ***  ^®/i 

[N2  -  MT*f 

Average 

Average 

Average 

Run 

r 

F 

Right 

Hand  Meter* 

— 

Model 

Full 

Pull  Scale 

Huaber 

— 

— 

Water 

Scale 

Dry  Salt-In 

3 

4 

1 

2 

3 

4 

Flow 

Water  Flow 

Air  Content 

Rater^lb/ 

Rate  lb/ 

PPM 

j  In^  min 

•Mb 

00326 

0 

_  ^ 

.0000328 

.OOOO656 

.OOOU326 

.0000437 

.006547 

.1635 

35 

073** 

.002015 

.0066*- 

.003‘*8? 

.00 '^6 

.  0C755 

.003335 

.65033 

13.6715 

35 

996 

.009702 

.010332 

.0090396 

.010732 

.010312 

.0199 

3.6805 

62.7711 

35 

- 

.OOOOO656 

.00001968 

.0000328 

.0000656 

- 

.000507 

.096865 

2.11 

44 

07544 

.0020092 

.0030632 

.001146 

.0006666 

.0030837 

.001701 

.3317 

7.07 

44 

31266 

.0080163 

.0101024 

.0032013 

.0097613 

.0110405 

.008654 

1.68753 

35.9 

44 

01968 

.0000656 

.0008? 

.0001966 

. 0001966 

70000459 

.0001966 

.036376 

.619 

20 

e»»9 

.00**92 

- 

- 

* 

- 

.0029 

.56  5  5 

12.06 

20 

0262*1 

.000131 

.0003936 

.00131 

.001115 

.00109 

.00059515 

.116025 

2.479 

22 

870 

.01935 

.00249 

.004067 

.004067 

.000118 

.01061667 

2.0099 

42.7 

22 

00328 

.00007216 

.00004592 

.000C1966 

.0001049 

.0001443 

.0000558 

.010881 

.232 

49 

- 

.001167 

.00146Q 

.0031291 

.002u4 

.0020795 

.001705 

.3325 

7.09 

49 

164 

.002427 

.00767 

.001246 

.01213 

.00*62 

.0040244 

.78476 

16.81 

21 

23 

.0117 

.01541 

.009706 

.009774 

.00332 

.0120365 

2.3471175 

50. 

21 

787 

.011 

.0042 

.00223 

.001637 

.010756 

.0079669 

1.62033 

34.4 

23 

047 

.01863 

.0198 

.0097 

.0157*- 

.01338 

.0158457 

3.06977 

65.9 

23 

00525 

.00000656 

.0000916 

.0000326 

0 

- 

.0000426 

.006307 

.176 

50 

656 

H 

m 

H 

CO 

m 

0 

• 

.009607 

.006724 

.010004 

.0069216 

.009426 

1.63807 

39.16 

50 

- 

- 

- 

.000164 

~ 

- 

.000164 

.03196 

.602 

26 

- 

- 

.OOOI966 

.000026? 

.0000656 

.000262 

.0001232 

.024034 

.512 

26 

061 

.000741 

.000131 

.0004526 

.0000326 

.0000656 

.0003361 

.0653395 

1.39 

28 

514 

.008298 

.0021189 

.000774 

.0013317 

.0009164 

.0027751 

. 5401445 

11.53 

28 

00656 

.00001968 

.00001968 

.0002296 

0 

0 

.00004756 

.0092732 

.1975 

27 

6006 

.004526 

.005471 

.00316 

.00236 

.004526 

.0049765 

.9694175 

20.62 

27 

02165 

.000151 

.007183 

.0000916 

.000984 

.00421 

.0016166 

.315315 

6.725 

25 

338 

.017253 

.00935 

.02326 

.00909 

.01456 

.0145275 

2.83335 

61.5 

29 

001968 

.00001966 

.000177 

- 

.000131 

.OOOI8366 

.00009178 

.017897 

.3619 

30 

0262 

.0000262 

.00017 

.00017 

.001876 

.00157** 

.0006107 

.119087 

2.54 

30 

0326 

.000326 

.000131 

.0000326 

.0000656 

.0000131 

.0001943 

.03789 

.807 

33 

236 

.001049 

.00059 

.000692 

.0001966 

.0009164 

.00147235 

.26712 

6.125 

33 

538 

.00567 

.00556 

.00672 

.0096 

.03543 

.0066 

.1.326 

26.25 

32 

^6** 

.02132 

.02289 

.006 

.00662 

.01106 

.0163925 

3.1966^5 

66.1 

32 

- 

.0000656 

.000656 

.000262 

.0001312 

.0000656 

.00061006 

.0157962 

■  33'? 

31 

- 

. JOOO656 

.0001312 

.0000767 

.000105 

.OOO03936 

.0000993**| 

.019371 

.4125 

31 

001966 

- 

.0001312 

.0001312 

.0000984 

.0000656 

.0002137 

.031672 

.675 

40 

0328 

.0003606 

.000656 

.OOO6656 

.0006528 

.0014104 

.0006476 

.126331 

2.69 

4o 

OO326 

.0000656 

0 

0 

0 

.0000326 

.0000287 

.005597 

.1172 

36 

00656 

0 

- 

. 0000326 

.0000656 

0 

.0000267 

.005597 

.1172 

38 

00326 

.000131 

.000164 

.000262 

.000229 

.0001968 

.0001433 

.027944 

.596 

38 

0 

.0000328 

.0000656 

- 

.001146 

.000096- 

. 0001722 

.03358 

.716 

41 

01*592 

.0007216 

.0019024 

.0005246 

.0003936 

.0006866 

.0007995 

.1559 

3.325 

41 

0656 

.000656 

.000361 

.00001312 

.0001312 

.0000656 

.0002098 

.040911 

.672 

39 

_ 

.0012464 

- 

.0005246 

.0C7672 

.0013776 

.0011513 

.2244 

4.79 

39 

0-428 

.000.265 

.0001312 

.0002295 

.0005376 

.0006525 

.0003803 

.0741565 

1.56 

k2 

075** 

.0009512 

.0003606 

.0012^9? 

.00164 

.000246 

.0011274 

.225243 

4.81 

42 

TABLE  4-1  MOISTURE  1C 


Tank  Roll  Wing  FLOATS  H/D  VETO  Weight  Disc  Ambient 

Side  Angle  Angle  Height  Loading  ’-Mod* 

WW11  Inchea  1  PSF  erection/ 

Height  |  Knots 

Inches 


Model  Water  Pic 


Left  Hand  Meters 


01  2.5  0» 

♦  I  ! 

OFF  Of 


Cl  3.7  i  Off 


I  I 


10.82 

-/O 

.0014104 

15.25 

-/o 

.0030176 

6.45 

VAR/2 

.00002624 

10.82 

HE/4 

.00001968 

15.25 

-/O 

.00005248 

10.82 

-/O 

.00009184 

15.25 

HE/ 5 

.00046576 

10.82 

-/O 

700017712 

15.25 

-/O 

.00005904 

10.82 

VAR./3-4 

.0013185 

15.25 

RE/4 

.0048806 

10.62 

H/4 

.00067568 

15.25 

-/O 

.0073013 

10.82 

-/O 

.0010496 

15.25 

-/o 

.0062387 

10.82 

-/o 

.00000656 

10.82 

H-HW/20-22 

700002624 

10.82 

W/5 

0 

15.25 

W/5 

.00000656 

10.62 

HE/ 5 

.00001312 

10.62 

S-SE/lfc 

700001312 

15.25 

S/15 

.00064288 

10.82 

-/O 

.00001312 

15.25 

-/O 

.00005904 

10.82 

HW/5 

.00017056 

15.25 

H-IW  8 

.0004789 

10.82 

H/10 

700002624 

15.25 

h/  10 

.0010561 

10.82 

VAR  2 

.00000656 

15.25 

VAR  2 

.0041U592 

10.8? 

HE/ 10 

.00070192 

15.25 

HV/6 

.0046904 

10.62 

HW/4 

.00184992 

15.25 

HW/4 

.00977584 

10.82 

H/5 

.000014*68 

15.25 

W/5 

.0000328 

10.82 

W-HW/4 

700001312 

15.25 

H-HW/2 

.  00034766 

.000984 
.0017712 
.000019681 
.00001312, 
.00007216 
.00007216 
.00008528] 
700OCU93 
.00012464 
.  000649UL 

.00033653 

.0014694 

.0066518 

.000326 

.0049594 

.00001966 

0 

: 00001312 

.00001312 

.000006561 

.00001968 

.00007872 

.00001312 

.00005901* 

.OOOI968 

.0007U78 
.00001312 
.00150224 
.0001*6576 
.  00202  OW 
.0023813 
.00264368 
.000465** 
.00608768 
.00001068 

.00005yd* 

.00060052 

.000121*64 


.000656  . 
.0019021*  . 
.00001968  . 
.00000656  . 
.0000656  . 
.00005901* 
.00007872  .1 
70002U272  Tl 
.0001312  .< 
.00078061*  .< 
.0036605  •< 
.00056UI6  .( 
.00511*3 
.0001*592  •< 
.005671*1*  .< 
.00132512  :c 
0 

.00000656  .c 
.00001312  .C 
.00000656  .c 
700011152  .c 
.0011283  .C 
0  .0 
.00001968  .0 
.00015068  .0 
.00066912  .0 
700003936 
.00090528  .0 
.000331*56  .0 

.00280769  .0 
.0001*002  .C 
.003608  .0 

.00071*128  .0 

.00702576  .0 

.00^01966  .c 

.00002624  .C 
.00001312  -C 

.00003936  .C 


S1URX  MEira  DATA  (COHT) 


LB , 

m  Rate  /] 

W2  -  MTf 

1  Average 

Average 

Pull 

Scale 

Water  Plow 
Rate  lb/ 
-Mia 

Average 

Pull  Scale 
Dry  Salt- In 
Air  Content 
PPM 

Mud 

r— 

Point 

Right 

Hand  Meters 

Model 
^ Water 
Plow 

Rate#*#lb/ 
1  In2  min 

Huefcer 

4 

1 

2 

3 

4 

328 

0 

.0000328 

.OOOO656 

.0000328 

.0000437 

.008547 

.1635 

35 

1 

34 

.002015 

.00666 

.0031*82 

.0036 

.  00755 

.003335 

.65033 

13.8715 

35 

2 

e 

.009702 

.010332 

.0090396 

.010732 

.010312 

.0199 

3.8805 

62.7711 

35 

3 

.00000656 

.00001968 

.0000328 

.0000656 

- 

.000507  1 

.096865 

2.11 

44 

1 

5 W* 

.0020992 

.0030832 

.001148 

.0006888 

.0030837 

.001701 

.3317 

7.07 

44 

2 

266 

.0080163 

. 010 102 U 

.0032013 

.0097613 

.0110405 

.006654  | 

1.68753 

35.9 

44 

;  3 

968 

.0000656 

.00082 

.0001968 

.0001966 

70000459 

.0001968 

.038376 

.819 

20 

2 

9 

.001*92 

- 

- 

- 

- 

.0029 

.56  55 

12.08 

20 

3 

62*i 

.000131 

.0003936 

.00131 

.001115 

.00109 

.0005951^ 

.116025 

2.479 

22 

2 

0 

.01935 

.0021*9 

.004067 

.004067 

.000118 

.01081667 

2.0099 

42.7 

22 

3 

328 

.00007216 

.OOOOU592 

.00001968 

.0001049 

.0001443 

.0000558 

.010681 

.232 

49 

1 

.001167 

.0011*69 

.0031291 

.00244 

.0020795 

.001705 

.3325 

7.09 

49 

2 

4 

.002U27 

.00787 

.001246 

.01213 

.00(62 

.0040244 

.78476 

16.81 

21 

2 

.0117 

.0151*1 

.009706 

.009774 

.00332 

.0120365  ' 

2.3471175 

50. 

21 

3 

7 

.on 

.001*2 

.00223 

.001837 

.010758 

.0079669 

1.62033 

34.4 

23 

2 

7 

.01863 

.0198 

.0097 

.01574 

.01338 

.0158457 

3.00977 

65.9 

23 

3 

525 

.00000656 

.0000918 

.0000326 

0 

- 

.0000426 

.006307 

.178 

50 

1 

6 

.01381531 

.009807 

.006724 

.010004 

.0069216 

.009426 

1.63807 

39.16 

50 

2 

«■» 

• 

.000164 

a 

- 

.000164 

.03198 

.6* 

26 

1 

- 

.0001968 

.0000262 

.0000656 

.000262 

.0001232 

.024034 

.512 

26 

? 

1 

.000741 

.000131 

.0004526 

.0000328 

.0000656 

.0003361 

.0653395 

1.39 

26 

1 

I* 

.006298 

.0021189 

.000774 

.0013317 

.0009184 

.0027751 

. 5401445 

11.53 

28 

2 

656 

.00001968 

.00001968 

.0002296 

0 

0 

.00004756 

.0092732 

.1975 

27 

1 

D8 

.001.526 

.005U71 

.00316 

.00236 

.004526 

.0049765 

.9694175 

20.62 

27 

2 

165 

.000151 

.007183 

.0000918 

.000984 

.00421 

.0016168 

.315315 

6.725 

29 

1 

3 

.017253 

.00935 

.02326 

.00909 

.01456 

.0145275 

2.83335 

61.5 

29 

2 

1968 

.00001968 

.000177 

• 

.000131 

.00018368 

.0000917& 

.017897 

.3819 

30 

1 

S2 

.0000262 

.00017 

.00017 

.001876 

.001574 

.0006107 

.119087 

2.54 

30 

2 

26 

.000328 

.000131 

.0000328 

.0000656 

.0000131 

.0001943 

.03789 

.807 

33 

1 

6 

.00101*9 

.00059 

.000692 

.0001968 

.0009164 

.00147235 

.28712 

6.125 

33 

2 

8 

.00587 

.00558 

.00672 

.0098 

.00543 

.0068 

.1.326 

28.25 

32 

1 

4 

.02132 

.02289 

.006 

'.00682 

.01106 

.0163925 

3.196635 

66.1 

32 

2 

.0000656 

.000656 

.000262 

,.0001312 

.0000656 

.00081006 

.0157962 

.3362 

31 

1 

.OOOO656 

.0001312 

.0000787 

.000105 

.00003936 

.00009934 

.019371 

.4125 

31 

2 

1968 

- 

.0001312 

.0001312 

.0000984 

.0000656 

.0002137 

.031672 

.675 

40 

2 

28 

.0003608 

.000656 

.0006856 

.0008528 

.0014104 

.0006478 

.126331 

2.69 

40 

3 

326 

.0000656 

0 

0 

0 

.0000328 

.0000287 

.005597 

.1172 

38 

1 

656 

0 

• 

.00003 28 

.0000656 

0 

.0000287 

.005597 

.1172 

38 

2 

328 

.000131 

.0C0161* 

.00026 2 

.000229 

.0001968 

.0001433 

.027944 

.596 

38 

3 

.0000328 

.0000656 

- 

.001148 

.000096** 

.0001722 

.03358 

.716 

41 

2 

592 

.0007216 

.0019021* 

.0005248 

.0003936 

.0006888 

.0007995 

.1559 

3.325 

41 

3 

56 

.000656 

.000361 

.00001312 

.0001312 

.0000656 

.0002098 

.040911 

.872 

39 

2 

.00121*61* 

• 

.0005248 

.007872 

.0013776 

.0011513 

.2244 

4.79 

39 

9 

28 

.0001*265 

.0001312 

.0002295 

.0005576 

.0006525 

.0003803 

.0741585 

1.58 

42 

2 

54 

.0009512 

.0003608 

.0012792 

.00164 

.000246 

.0011274 

.225243 

4.81 

42 

3 

TABLE  4-2  MODEL  TO  FULL-SCALE  CONVERSIONS 


Disc  Loading 

Full-Scale 

Disc 

Loading 

Model 

Disc 

Loading 

Full-Scale 

Gross 

Weight 

Full-Scele 

Wind, 

Speed 

p 

42.5  lb/ft 

82.4  lb/ft2 
125.3  lb/ft2 

6.45  lb/ft2 
10.82  lb /ft2 
15.25  lb/ft2 

32,000  lb 

62,000  lb 

94,000  lb 

_ 

34  knots 

36.8  knots 

38  knots 

Aire 

Scale  Conversions  for  a  Full-Scale  1 

raft  with  15.6-Foot  Dianeter  Propeller 

2 

Vehicle  Height 

Wave  Height 

H/D 

Model  Height 

Full-Scale 

Height 

Model 

Full  Scale 

1.4 

2.0 

2.5 

3-7 

2.39  ft 

3.41  ft 

4.26  ft 

6.31  ft 

21.9  ft 

31.25  ft 

39.05  ft 

57.81  ft 

6  inch 

12  inch 

■ 

.  _  /  Full-Scale  Disc  Loading  . 

^FULL  SCALE  ^MOCEL  Model  vise  Loading  ) 


2  Measured  from  water  surface  to  plane  of  outboard  propellers 


Table  4-3 


Sea  Condition*,  U. 


S.  Hydrographic  Office  Scale 


•  Wind  Velocity  Is  not  Included  In  tbe 
official  definition  of  aea  atatea 
•*  Description  of  aea  noise  baa  been  emitted 


Sea  State 
*0. 

Approx.  Height 
of  Sea 
rt 

Wind  Velocity* 

Jtengs 

Kta 

Sencan'a  Deacrlptloa  ** 

0 

0 

Cain  -  Sea  like  mirror 

1 

Leaa  than  1 

Scooth  -  San  11  wavelets  or  ripples  with  tbe  appearance  of 
scales  but  without  crests 

a 

1  -  3 

Slight  -  Tbe  waves  or  seall  rollers  an  short  and  sore 
pronounced,  when  capping  the  foes  Is  not  white  but  more 
of  a  glossy  appearance 

3 

3-5 

6-10 

Moderate  -  Tbe  waves  or  large  rollers  becose  longer  and 
begin  to  show  vhltecap*  occasionally  j 

k 

5-8 

10-26 

Pough  -  Kedl.ua  waves  tbst  taXe  a  sore  pronounced  long  form  1 
with  extensive  wbltccapplng  and  white  foam  crept* 

S 

8-12 

28  -  kO 

( 

Very  rough  •  Tbe  cedlua  waves  becose  larger  and  begin  to 
heap  up,  the  vhltecapplng  Is  continuous,  and  the  acas 
bresk  occasionally;  tbe  foua  fron  the  capping  and  break-  ! 
lng  waves  begins  to  be  blown  along  In  the  direction  of 
the  wind. 

6 

12-20 

kO  -  50 

1 

ITlgh  -  Heavy,  wbltecapped  waves  that  show  a  visible  la- 
crease  In  height  and  are  breaking  extensively.  Tbe  foem 

Is  blown  In  dans#  streaks  along  In  the  direction  of  tbe 
wind.  1 
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Figure  4-1  Moisture  Meter  Installation 


Isokinetic  Probe 


Isokinetic  Probe  Instillation 


•  *$, 

,1  I 

1  " 

*  i  "  ' 

(ft 

Figure  4-3  Positions  of  Moisture  Meters  and  the  Isokinetic  Probe 


1 

_ V' 

gw 

ft  i 

4-5  Depth  Gage  Installation  and  Vertical  Float  Configuration 


a/*J 
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Figure  4-6  Depth  Gege  Pe' 
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Figure  4-7  Depression  Beneath  Model 


Figure  4-8  Neoprene  Coated  Propeller  Prior  to  Installation 
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Figure  4-9  Uncoeted  Propeller  after  21  Hours  of  Testing 
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figure  4-12  Water  Entering  Propeller* -Repeatability 
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figure  U-lU  Water  is  placement  Alone  Propeller  Centerline 
Repeatability  end  Effects  of  Side  Wall 

V-i*0 
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Figure  4-8l  Effect  of  Disc  Inerting  on  Depression  Width/Depth 
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5.0  CONCLUSIONS 


A  series  of  tests  have  been  performed  with  a  model  having  a 
tiltwing  configuration  and  four  propellers  simulating  a  hover  over  a  calm 
water  surface  with  and  without  a  surface  wind,  and  over  a  water  surface 
having  two  wave  heights  both  with  and  without  a  surface  wind.  These  tests 
examined  the  forces  and  moments  acting  on  the  mcdel  and  the  environmental 
conditions  generated  by  this  model.  As  a  result  of  these  tests,  the  follow¬ 
ing  conclusions  are  drawn: 

a.  The  forces  and  moments  acting  on  the  model  were  not 
affected  by  the  waves  on  the  water  surface  below  the  model. 

b.  The  addition  of  vertical  floats  to  the  model  had  a  negligible 
effect  on  the  forces  and  moments  felt  by  the  model  in  the  hover  mode. 

c.  Rolling  the  model  as  much  as  10  degrees  had  a  negligible 
effect  on  the  normal,  drag  and  side  forces  and  the  pitching  and  directional 
moments. 

d.  The  addition  of  a  surface  wind  had  a  negligible  effect  on 
the  normal  force,  but  the  effects  of  the  surface  wind  on  the  pitching 
moment  were  large.  The  pitching  moment  coefficient,  based  on  the  slipstream 
dynamic  pressure,  increases  by  a  value  of  approximately  0.4  for  the  full-scale 
disc  loading  of  42.5  pounds  per  square  foot;  at  a  higher  disc  loading  (125 
pounds  per  square  foot),  the  moment  coefficient  increase  due  to  the  surface 
wind  was  only  0.25. 

e.  Wind  had  the  largest  effect  on  sprty  circulation,  forcing 
the  spray  on  the  wirdward  side  up  and  back  over  the  model. 

f.  Small  waves  can  be  destroyed  by  the  slipstream  and,  in  this 
case,  more  spray  is  generated  than  with  larger  waves  which  are  not  destroyed. 
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g.  The  increases  in  spray  circulation  caused  by  wind  and  waves 
independently  are  approximately  additive  when  encountered  simultaneously. 

h.  The  correlation  parameters  presented  in  Reference  4-9  can 
be  used  to  predict  depression  characteristics  although  better  depth  pre¬ 
dictions  can  be  made  using  Figure  4-84. 

i.  The  method  outlined  in  Reference  4-7  is  adequate  for 
predicting  maximum  droplet  size. 

J.  The  addition  of  vertical  floats  reduces  the  amount  of 
spray  circulation  by  spray  deflection. 

k.  The  addition  of  polyethylene  oxide  to  the  water  beneath  the 
model  showed  some  promise  as  a  spray  inhibitor  by  increasing  the  spray 
droplet  size,  and  such  an  additive  may  prove  useful  for  full-scale  aircraft. 

l.  Based  on  model  data,  it  is  estimated  that  a  full-scale 

tiltwing  airplane  with  engines  that  require  approximately  25  pounds  of  air  < 

per  second  and  having  a  50  psf  disc  loading  would  probably  not  ingest  more 
than  2  ppm  salt-in-air  hovering  near  the  water  under  zero  sea  state  conditions, 
and  not  more  than  100  ppm  in  a  sea  state  4. 

m.  The  majority  of  the  spray  droplets  in  the  model  flow  field 
were  less  than  100  microns  in  diameter. 

n.  Electrical  depth  gages  can  be  used  to  determine  the  frequency 
of  water  motion  in  still  water  and  to  determine  the  wave/slipstream  inter¬ 
actions. 

o.  These  tests  have  shown  the  developed  test  facility  to  be 
excellent  for  evaluating  the  characteristics  of  spray  around  a  V/STOL  air¬ 
craft  hovering  above  a  water  surface.  Good  correlation  has  been  found 
between  the  spray  patterns  formed  beneath  a  full-scale  airplane  and  tests 
at  this  facility  of  a  model  under  comparable  test  conditions. 
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p.  During  these  tests  it  has  been  found  that  a  coating  of 


neoprene  that  is  approximately  0.01  inches  thick  applied  to  the  blades  of 
the  fiberglass  propellers  virtually  eliminated  the  spray-caused  erosion  of 
these  blades. 

q.  There  are  certain  disc  loadings  above  which  it  will  be  im¬ 
practical  to  operate  V/STOL  aircraft  near  a  water  surface.  This  maximum 
tolerable  disc  loading  will  reduce  as  the  size  of  the  waves  and/or  the 
magnitude  of  the  surface  wind  increases. 
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6.0  RECOWEIiQATIONS 


made: 


As  a  result  of  these  tests,  the  following  recommendations  are 


a.  A  series  of  tests  should  be  performed  using  models  of  other 
types  of  v/STOL  aircraft  in  this  test  facility  in  order  to  properly  evaluate 
their  compatibility  with  an  open  ocean  type  of  environment. 

h.  Areas  such  as  the  visibility  available  to  the  pilot  of 
a  V/STOL  aircraft  hovering  over  a  water  surface  should  be  quantitatively 
measured. 


c.  Additional  tests  of  compounds  similar  to  polyethylene  oxide 
should  be  performed  in  an  attempt  to  find  an  effective  and  practical  spray 

suppressant. 
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